£>4 Aj]) M) I f*ua 


US La j JJtfJ UfJJt (jjJf J -UaJ/ ) (j u aJxJf <-Jj Ul J-a^Jf 

( U)l UfJA £f (j * ffr if 

jULul 4 jIJj LaJfJ ^ Ig "ay jj jf jJzJ! JU jLa&f <j) 
j l-jUSJI )JA cIomj UiaS (JUjJ j (j V ja £ya UifjLua^ t) 
JLjjjzJI AjLUL l usi t) gjUaf J jUjj <jjJ) 

iLjJaj jj^yi dtiftfJj Lf k- (jJafj* (jf J fcLual )JA j 

Sj. jJa iU j*aJ (jULtiyi ^ jJp Sj&Lulj j Udjj *Ld& j2 jj 4jg~ut 

ljUSJ! )JA Sj&Lua fSla (ji j 6 4 LriLu M)l jLutf IjJ 
Ij&Jj <jJ SjS£ gjUajJ jf Lf Ss^a jiff* 
jLaP y 1 ^ULuoJ fSL) j 4JII 



f-' ^ cjUuiLuii 

IjiUi jj£j c ® (J *■ ti& (J^L^ 

<J jlxlt j dj^Aj^a ja 1 } jdJ (J jilt Ai jxa - \ 

Aa jULa!' j dJjSlI j jUll L-jLud^J ^ jt jjjlii ^ti^lLaat 

<j jt jlilt ^lc« j ^t jilt cr^ j-^lt jUaII Aiat^Alt A_ijj££At Aa jtLol! i t A xn^ -3 

CjLq jlLall J!Ak i^-aJt (jji L_jLud^. -4 
Sjiilt C > A MI'S -5 

dA AI aII ^ jtdlt Sl^jt j 6 jil *A w j^) j*Jt L-jLoi^. -() 
SiijJAlt djt_^. ja 1} SjJjAlt j A_ila^llt j tjt*lt A Aj4t did^j -7 

iijiAlt jtdilt jitji is ^ Q? ^ ^ j CjUIaII <a jtxAlt SjijAlt (JaI j*lt djd^i -8 

A_il£lt Aa jIjlaII l-jLlu^. -9 

fi J&Llalt J 6 jdllt jdJ (j jilt A3 JJLA - 1 0 

A_£>ljlt j Sd^t jit jlilt djti CjV j^ a" Ajjililt j AdtiijVt CjUIaII ^k jldilt j dJ jilt l-jLa^ -11 

J j^aII KVA -S' -12 


cjjjm\ hjx (i) 



S jilt diU j£a 

djt jilt Ja A. c. jas^a jc. SjUc. d A n jait ai& j d A n ja. Ja Aj j£a it jAlt j£ 
djli jjj£Mt tg-1 ja. jjdJ j fit ji ^lc« (j jiaj fidat jit fijilt 
dAijjjjj j dAi jjjjj Ja Aj j£a fit jilt 
dAi Jj jjJt idst! (J jLaa dAi jjl&Mt (JA iic- ^gic. (J jlaJ dA jilt ^h» A 
dAiaudlt aAAxja dAi jjliilt Lot Ada. ja Aiadj ^gic. (j jdaii dAi jlijj2t j AaILuj A la. d d\V^ dAijjj£iVt 

jC. L_)iaJt AJajujt Jj jtiAlb AJaiijA djU jjI&Mt j ^ djlj jJ jj 21 A. 1^. jAlt djU^dlt £a j jjj jjjjSliU AjlLoilt^ 

dAi jJ jjJt (jJjla 



Sjilt £A AliUlAlt AlUlt 


ot jilt fiij^ j-^lt djli jjjjJt iic. j ^.^.jlAJt jtiAlt ^ dAijj^Mt ^jj l^ic. jf*j it jAlt 



j j 11 (JHaII (Jjjxti ^Ic. 

Ai^txiLa ^g.xu.uj 6^)111 6 ^a (JiLd (jjj j^>j 13 j 13 ^ j-® ^IVI j 


aJLoJI j A_i2k j^ll djli^juJI 

j CjU jjj£ 1V1 ^ ja cA w /u ^g-At-uj Aijla (j£Lil tg_&tx>l tiljjj 6jM3 CjU jjj£MI die. 

4_JLudll j <JL^. j-all ClAi^JuJl <j£l ( dljlj JlaJ dAi jJ j^)Jl ) AJLuj dil W i* ^g.At.uJ djU 6^lj j 

CjU ( jl x^akj jl uj ^ 5 


© © © 
© © © 


®^©a© 


© © © 
© 


Neutral charge 


Negative charge 


Positive charge 


djU^judl! ^sUj j L_jiL^j 


j I jjiUdj ^ f-1 VqII 

jla A^jLuiLd ^jJajj Lddic. ^j^xs ^c. ^j^£k (JL^x* ©IVWi <j /uxAl ^ 1 xn^ VI 

L-jil^J (JaxJ jSJ l^jli A Alik ^ UJ^ j jSUj (JaxJ ^a j£j 

6 jill (j-a A_lJ^xi ^c. Aa jla'SJ Aic. ^ASU (Jl^xAl 

loJ -jj^ i : ^U ^n-vll ^pUu (JL^xAI Ijl^j Aj^aL^JI Ja ijiaraJI 


Unlike Charges Attract 


Like Charges Repel 



-► •«- 



pjijz £)ji ii 

AiLaixJl £Jj-a J (jjli^judll L-Jjjja (Jj^aL^. £xi Lp^)ia L . u A 6 jAj j 3 Ujj jl L_jiL^JJ djU^juJl (jl C. Ajui&I 

1 1 1 


F = Q1*Q2 1x2 






j ^ xjjjJal Ix>a (jL^a (JlLa dj|^)Jj>s qC. UJ^ U^ (j^^all ^a dAjj^)j£JVl 

A-ljUxU^ djl£^.4 dlKl^J 

(_^^i.l o^jj A_l^a (J^h u' ^a y^\ LilL^. AJl^xi dl^ia Id-all Qj^)ii£J! 6 ^)^Ulx 4 djc. 

^U^£JI ldj-a jA 11 a j L_jl_iudj| <jj£j d3 djU jjli£lVI djc. 


Cj^Lu 2 Ja 1| dLuil J JjlsJ) J Cj^Lu 2 1J-4JI 


d£JLa ij-a]| -l 



(_£^i.l ^J| 6 ji (j-a P^pJl dAj dl^)^J dJC- ^jjSjj jLilll 

A^jVixa'I S^pJl dAj ddc- A j-a^j jdajj dl j-all 
^d_LAx*aj>s^ ^qjujJ S^^Jl dAj j^)j£JVI (j-a dll j<a^ ^)j^)-aJ ^ajud ^jll dl j-all 

Sdia. dj^Aj^a j-a C > m*1 did^Jl 6 (jjadA^I (jA_adll 4 dij^ll 4 ^ jdj y a ^IVI 4 A_dafill 4 (jA_adll (Jl!Lal 

^.^)1 ^aldijLujI ^aA^)j£l ^ ^jjjUdll ^ 


d>lt -2 



dlixal^Ludl! j t^Lall j ^U-jll j ^)J^)ll J dllLAAAl (JlLa (J^lc. m*i A_Li 3 dj iLia£ ^)j^al <_£ jjj <^jll A j-all 


Ujjuj ^La^Jjoi-a ^aA j (J^taJ! j (Jj^ j-all (JlfLa ^J^)^£il (JA£A 

dA^j'S-all 4 dAj-alll j jjA^)ll (JlLa A^Jj^ll S^^Al AiUall ^UaC-V (jA_adll (Jj^a j-all (j!Ak dl^^jjj dAj j^)j£JVI 

^jjjUdll (JjL-a ^all (j-® dAjj^J^lVI ^ (j-® (J ^ A_1 ^a (J^txll j 

Rubber Insulator 


Copper Conductor 




.** ^ c\ uni -3 


(j jjUI 


m: 


Transistor 


Diode 


I jiill cJliLdl ) jjjUII ■^ c ' lS-^j^ V j ®L^j| ^ o jS jjjIj >^c. Jj^jj 




j jLiill ^g.xu.uj 11 a j SL^jVI ^ L^Jj * 0 ^ l>* cl*- 3 cAijjI&Ml L_jUjudj| ^U^£JI 

CjIj (J^jlaII I^A ^jc- ^AXJ j 4 qll'S x> dj^^juaj jfL (Jj^a j-all ^)l_ii]| ^)^ c ' ( I) 

Amp ^ 5 ^ (jjjLiill <c ^11 4 _ijl!ill (J^l^ aAa ^\Ja 3 ^lill 

J^aj^ll (j* fAl a 3 OJJ^I! 6.24x10 18 ^ u' Amp 



^jjjUill CjI^.j 


1KA 1000 A 

IMa 1/1000A 
IMA 1/1000 000 A 

jLiill oL^jI j CjU jjj£ 1 V 1 SL^jI (j# (jj 3 c* 1 Ua 
L- ilLudll ^Jj <- > ^ j-all (j-a ^Liill 

L_L^. J-a11 (jLalll (^y* CjU 



II +IJ 

Electron Flow 



+1 


Conventional 
Current Flow 




) tiljiliyf 


Water Flow Through a Pipe 



-► 


Current Flow Through a Conductor 



j-aII ^1c« 6 jill jA JlalL 6 £Lia <iuJa>s jl Ia^jj^aI SLiaII (JliLa 

jU]| JJJA 1 

CjU^judlU <- * vw* j ajILoj 

(Jjt-aJ 6 jill 4_±^> J-G A W /u <1 ^jAiSIA <j1LuJ dj lU 4_J C t ih'l LdE 

cJjill jl (EMF) S (jja ^.xluij (Jj^a (j!)Lk jdi 

(volt) ^>11 <_>J -12 S^JJ (E) 4 (V) >J ia.tj 

jXua.,4 


dAj SjLj J j (jflJJ tg-l£ ^jauiaUxxi (j^joi ^dilLaaJ dlliA j ( 4_jjLia£ A)\aC- ^^JjoiJ ) AjjUaJl 

J^-Vl ^ (J-oAJ J ^ 

^ (jjflll jA ! 1 a 


Shortage of electrons 


Excess of electrons 





(jjiUill dil-ia. j 


1KV 1000V 

lMv 1/1000 V 

1MV 1/1000 000V 


4 _AjLLa 1| 



a^Lall o c I ^***0 > J c ^la J IgjU jIa ^Ic- .Aaj x j <VajiLail &BA t ^.Lj^^il j ^^au bI^aII (J£ 

A^LuiaII ©b\j j £-a (Jij j (J ^lail ©bLj^ £-o Bj jj ^A j 

(f ji) Ohm (O) 4 *»IjS '^jj (R) '- a >>j 




^ > J 1 

lk 12 1000 n 

1MD 1000 000 n 



Alaxuull 


I^ja (JtsIljVl (j-a dilj S^C-L oiaI ja j (J - ^* J ,^-all ^ (j^ ^ ^JaJjaull 

j A_xa jtLall 4 _ia! j # (Jj^a j-all j Jl^JI ^)*lx^axi ^A Aj^)UaJ (JHaII IIa (Jx^\l ^Jl ^),"u«ox>\l 

4_1a111j L_L^. j-oll ^1 L_ilijudll L_fl^)Jall djUj^)j£JVl (3lc. Xl£* m ^tlixs 


i ji 111) JjIaj 


-J o^A^-0 n. 



<*j' <jj^ 


k^jlLall 1 n n^C. j (Jj] jill Lp^)]a ‘ . ' ■ "J jLljll ( _ 5 lc. <_>«s»jj j k^jlLall j ilJ jflll j jljj]l (jJJ <3^1*11 jA 



I=E/R 


E=voltage 
I=current j^' 
R=resistance 


DC AJtjlall jaLj^M jlull jjIjJ 


jUll JJ^>x> QjfLlS j AjjIjII 4_}I,aJI (Jj!xU Ajlg-lll • (,5^ CjU jlSl! (JA jJ ^JC> (Jj£jJ 

# Jl^.1 J 

<L<S jtLa dill jl A-Axi lLAa jULg d)La jlLall 6 1 a (jj^J (jl 





CjLg jllftll 


^jJa j-all (JHaII ^-C. = 4_i]t±La]| dlLa jH^il A jK\1 A x>jq\l 



Original Circuit Equivalent 

Circuit 


4 _jujIj 3 Ajc- (_£ jLuilLa £)* ^3 (jl 



(voltage Drop) 11 a j 4_*jUL J£ ^ 4juAJ c j£aa1I c> 

^L^aVl >^-^11 ^-L^a-a 4 _ai 3 (_£ jLuiJ (dll dl jlaidla) ^ J^> ^ (jl ^jJajI L_fl jjuj^)j£ ^llxll 

S^j|«lJlj <Jj^a j-oll 


3 V = eijLo jIIaII ^.1 ^gJc. .^^11 (jja (JjAjS dc. 

6V = R1,R2 C5 lc. (jj3 <j2_j 3 lie. 

9V = R1,R2,R3 ^ i5J ^ 

cJja = 12V = R1,R2,R3,R4 ^ l 9J* oM ^ 







CjI jLmxi ^ j-aJ jLillli ^ tg ^>>*1 C > \')\ y\ CjLa jtLa £jJa j ^JC- 

1 i>>>* ) L_ljL^J (jjlLa jtLa £jJa J '^ c ' (jJ^)Lai<a (3-^^ (^ 

R2 j R1 LaA'^l L_L^, j-all L_fl^)Ja]| ^gil L_llljudll L_fl^)ja]| (j-a (jj^)Lui-a]| 

R Value qf_ an y one resistor 
* ~ Number of resistors 



d)La ijULall ^ ^ 4 ajq\ <LaUJl <xJj^sl!I 

1 


1 


1 


7 









R _ R 1 xF{ 2 
t Rf +R2 



(JjoSJ (_£ jLuiJ ^ ^ (jjS <L<ajULo (_]£ 



h =h + ! 2 + l 3 

^L_fl jjuj^)j£ ^ A q\jr x>\l ^)j| j^ll Lii£ c_j j ~\ = CjI^LuuJI l_j ^) l_ii]| 







I t =10amps 


(JtiLa 


Ri 


I-] =5 amps 


l t =10amps 


R2 


12=5 amps 


f t =// r/^ 

ft =5 amps -i-5 amps 
ft =10 amps 



Using Ohm's Law, the total current for each circuit can be 
calculated. 



/ 12 volts 

1 40 Q 

/j =.3 amps 



I 12 volts 

2 20 LI 

1 2 =• 6 amps 

l t =/; + / 2 

I I =.3 amps +. 6 amps 
It =. 9 amps 




AJLjIaj 

r 

„ 40 I>x20 L> 

/fy 

f 40 tt + 20 LI 

D 800 Q 

rtf 

f 60 Q 

R t = 13.333 Q 


E_ 

Rt 

12 volts 
13.333 £2 
.9 amps 


AjjljUl j AoIIjIaII jj! j^I 



Parallel branches 










(Jjljui iu*n I 6 j3 dlliA <jjfLj Ld^jc- ; (J*-uiII - \ 



dllil jjjdj L-fl jjuj dAj (Jj^a ja ^gJc. ^\1 (jj3 ^ ja. j die. jjI j^ll ^ Sj^ll -2 

6^^111 (JilJUdll dj ^*1^. ^ jUll dAj^^)j£lVi (jLj^)JUl ^ 6 ^ii]| dj l] j\ (jjfl 

( 


p Ljj^j ; Watt 


P = 



and 



dj«l&J! i-jLuA 

P = Exi 


or 

P = Et 



P=EI 

P = 12 volts x2 amps 
P = 24 watts 

P = I 2 R 

P =( 2 amps) 2 x6 i2 
P = 4x6 
P = 24 watts 


P =- 


P = 


P = 


(12 volts r 


6 Q 


144 


P = 24 watts 




S jjfcJl J &LA 


(JdJjui ^Ic. ^ jl £ jjJa (J-^ AiUall 3 d 6^)jj^a ^Jl A_1J^)^£JI AiUall (Jjj^j ^Ic. 

120V 100 Watt ** jM Ml' lM 

6jl^pJl< 


^Jjlju L—LLudll lil A_1J^)^£1I dAj j^Xhlj ^adj di J 6^)1^)^ 0JJJ <La jlLa fijLa _JJ^G die. 


jtg-^Jl 11 a ^ a^Jjoij 6jjj£ Sjl^p. lAlix-d A-illc. ojjIjcaII ddl£ Ia1£ A_ij^£1I 


A \ if n ^ a t i 

♦* ♦* 



^3^ is^ J 4 jjguial jit a!\ du V' A ^-3 V 

Cjlj^nhl it a \\ Pi jl\ 

jl£ 3 \. vW " l . l^jl Ajjl^L^. aJ dil jmjlil jjt *11 (J£ 


A < i ,. *4 a t j 





(jjuaida\ \%a (jju 
CjUa^Vl JUO L-jil^J 

A-nlakll A g )\ c_jl_La3Vl A^^\ ja j3Uj 




Aj^n^al 1 %A 

^JjuJI jJl 6^c.li 



^ jauJal 1x>q (jL^x* (Jj^a j>s '^ c ' 

jLiill SL^jI j ^ tujJol SL^jI <a!)lc. tilUA 

(JlLaJ S-U^)^ (j-a L_aLd 





L. '<j\A\ ^ JjuLllI dill 



t kLdl ^gJc. L_klj ^ jjaull dill £jL^al 
(Jt-Ajudll jl ^JouJaLuLAll (Jl a\\ SL^jl (-Jd} ^-£4 VI 


CjLluuIaUx a j 

AJ 4 uniU '\9 ^\\ Ja i jJa^. ( ^olj ^ v W ^ l _ 't->3 (J^^. t o jq\^ (. kixa 

SLajVl j 6 j£ll ^ (jj* m c_iik]| h\* a'u L_kLdl die. 

^)jj| j-dl jl j (_£Vb^)]l J _Jj4^dj J (_C*al j3 j ^jjjI j-dl (JlLa A_ij^)^£J| S^_^.V1 (j-a diddl dlliA 

4 j t ),) j Joldda jjX^' idixa 


AC CP 


di^jlxa jl dijlj ^jLjj ^)W«oxa (j-a (jjfLj (ji (j^A-a ^Idill ^)W«oxa 

j (_|a^JI ^Jl (Jj^a (jVLk ^dj^adl d^J j sL^jI ^l^dLuAj ^ijuali dAj j^)li£JVl dc djjliill $.Ij^)^£JI 

^J| S^xa ^ jXJ 

dc ^ ^*51 j Ajj^aJI lP-^ aJI^JI si& ^ diAj JJaj d_J jill 
(Jjj£1*-xJ| SL^jVl d^J J SL^jI ^ j4jud dAj jjj£lVl AC ^J4-dl jldlll c _ s -3 

L_L^, j-dl ^_gJl L-llLudll L_fl^)Jall ^<a dl^)^JJ dAj j^jliLllVl . A-lA!i]| dA^xAl (j-a L_kl^)JaVl AW d ^jjo£ju ^d^^axAl 

L_JLuJI ^1 L_L^. j-dl <j^a 



+ 



+ 


AC SIN WAVE 




j\ j-aluiL ^jl jdd jldll j dll jill 

sine (_ 5 ^ d^)lLall ^)ldll 4 ^jJa j^all ^juj^)1I 

dll jill jl A x>jq\l j SdiiVl ^A ( ^juiI^II ) j (j^a^ll 3^ ( tilljA 

di^j (jj^i Lade. j l_l^. ^ all SdiiVI jl 6 IajI ^ ^jjjuij jldll jjfL dj ^ jll jj=*-a ^^Ic-I <^.jdl uj^ Lade. 

lJLuJ! SldiVl jl (Jj^LlaII Sldill ^k jjjd jjdi dja jll 
AdLill Sjd£ dl j-a Sjjdl sLa d*j .djiLall jldll ) 6^1 j Sjjj ^\ 4_^j^ 360 jl ^_Lad s jjj (J-di <d. jdl 

hertz ( HZ) dl jj.^11 JJie. jjAjS *■ w jj ^ jll 


single phase & 3 phase J^£l' jj^lt j jj^lt 



A-ldJ ^-LidVI dc. jl jiaVI ^Vliill j£l j (J jlidl ^ (JiLa Sjd x^all e-Lj^dll ddLidl .1^.1 jll jjlall 

4-ie.l u^i'l dLdddVI JLa 4-iltc. Sjd 

4_ijj££ <^jJ 120 L. (Jjj^l J J.^ 3 (JLaJ S^lj (J£ <ldld-a j aJJjl-a dljj^ 4 j!!/Ij S jLc. jA jl jlaVI ^d/llill 


JJjldl jldll d j-a 

^jujLujVI djall 




<L<s jULa j j AjLuda A j J ^ x uj lolida (JL^g Cja o^$id 

^ uijlniUxx> j^^-i ^jaLllaliiLAll JU^JI 
^jouJalixAll (JL^aII J Ai ^iLa A-L^a j-all til^LaiVl (j-a (jo ^l^)^]| 

^)Llj OJO^ l t lljudj (Jj*-a ^ aII ^3 *ll ^jd dll ^3 tilliA ^joulaljiLAll (JL^aII (J^ld (Jj^-a ^ aII do 

^1^)111 O-a (Jjj^a j^l Aii^Jl S^A (Jjj3 j-o Ad j Ajl^ ^)jd j AJad^s 4ila> cilliA j 

<La jULoll 

Jj-Jl ^JujduV ^ (.Jddull IjJbQ 


dll jail ojfLlS ^ 1 ‘'J lal lx a (_paJ3 Ja ^lad (_^l ^xJaSJ V _j ^jaulaLisLAll (JL^-aII (j^£j (J jL-a ^IjJllI 0 A^^)J do 

Q .il ijIaII 



^ 90 ^ 0 c> jj^ 



Ri 


0 Aj^.j>s 4_xu3 ^Ao I cfe dJjill j 180 ^ 90 c> jj^ 



c^l dd^j ^j^IxaII sLdiVI oil j jSSI o^ 270 ^ 180 o* o' 

Aj11_iuj A^q_i3 




s 



^g-AulJ 6^.1 jll ^3 CjI J jJl A^c. 

hz 60 ^ jSil u' 4^11 ^ * jj^ 60 uj^ 


^jIjj -ll j-a] L-jUaSl 4 ju^)I 



jll 4illl jbJ2 cjlkSVl SjLj ijc. 

lie. Sl^J jll Aill SjjJ <jjfLl jUJl ll J-G ) Sl^l jll Ailll ^ C : *1,W <jjfL} L_jUaal £Jjl <UL^ ^ 

( L) jjk q j JJJ^ 


jLui! j dil jilt 


c_JLuJl j l_±^. j-<JI sLalVl u^j-® ; b*ll 4-xukl! 



peak to peak CUI 



IfrjL "*>■ 


E = V peak xsin 0 


RMS jLjU AJUill 3 -jSII 

dll j 2 120 Jaujlall /.jh ell] Jflll (jlS lil (_g I ) Ajil£-a AjjIj <Loj 3 Jl ajjaull ■‘LaJflll ei& 

169.7*0.707 = ^^1^1 

DC cJ9 kj^lLail Aic. ^ jl^)^Jl l^ic- 


1 A RMS= 1 A DC SAME RESISTANCE 


inductance 


Lg_l Idajl ^ i** A ALall ^ ^jlnll (jll_jjui (_g-3 (jj^jj-dl JaS3 I j)xul\ i£l j ixa jULdl j dll jail Jj 3 (jxi Ajjual^p (_^ill 

jLuM ^ jdill <ajl*^ L> ajl^k 
jUll ^ jlij A9 ijI*-a1! 

hennery h lJ-^JI s^jj 1 j j^l j^l ^ dULdl 


0 degrees 
no current 


fl TD 


30 degrees 
increasing 
current 


& 



Jl ^x>\l S j3 j ^)\_£lh (jli^jm 


90 degrees 
maximum 
current 



Jladl 6 j3 JiJlaj 4_xu3 j (Jj^a j-dl ^ xx-llal-id Jlaxa .lljJ ^jlpll (jilaal 

(jjAxll j Jladl 6 j3 j|j^J ^jliill *dlj^) dc. 

Jjj^a jJ j Jj^a3 3J1 a ^ VI d.C ( Jl *1U> ^ duliill jlllll ) JaiaxJI Jladl ^ jjJXJ (j^UaJ jlllll ^ jdl <^l 

^isda J^aH (jl£ lil jl S^)jl^l! 

J jIg dll j3 ) Jj^a j-all ^k dll jk JlijJ iaJa^ll ^gjujJalidll Jladl ^k j^sulli 111 &C Jl ^ iJ-J ^j^x^aJ jdLl jldll 

J jj^a^ll (jxa^)liLall iLljll 4-xuill il^x^a j _jldll ^lall ^Jl (_£djJ I^A j ^)\_dll ^k ^)_lidll (Jj^xJ dlljill IjlA j ^ A xjqjjj 

" ' J 

^fLulddl ^)j^«oq\l J!La C5 IaJl Adlii (jl (J jlaj Js lil j JsVll Adlili (jl J ^aj AS jIjlaII Si& ^jlnll ^l_) lil 


i 


bilxll 



(jjj Aiddl j dlilll j^su ^Jiaj \ Ajk jIjla j L-Jfl J ^a 4k ^iLa OjSj (jl (j^.Ax> j tilLoil! (j-<i dil q\x> jjc. S^Uc. 

j Jjj| j-<JI j did Jjll JHal t iLall J£d J AC. jJ j dill dUJa J L_lllill *dLa ^ JJ J dLdl ^>ia3 j dlilll 

JJVlill 


ilaLudJ <dLo c»^)j| J 




^ ijLLal] Aj^IslSI j^lll 
CjS jll (jjoij ^ jJuj V jLiill <» aLo ^I^jjojI Jiic. 

1^11 ^aJ <C. JjudJ jLu L_S JJUJ jbj3l ^-UL<J| J^lc. V £" jllLa ^ULJl <jl <LaJI DJjl^ll ^ 

Ulxll A ^jall L_j^)ill ^jc. <c.lij^)l 3"^*-^ (J^ 


1/r = Ul*-^ 5 -ojS 11 <J jll L_J I jilaal dl£ jl! = (x)^— 1 Cll£ jll C1 ±Aj 




Lt= L1+L2+L3+L4 
2mh+2mh+ lmh+ lmh=6mh 



L t =L 1+ L 2 +L 3 


2 mh 2 mh 1 mh 1 mh 



L t =L, +L 2 +L 3 + L 4 

L[ = 2 mh + 2 mh + 1 mh + 1 mh 

k=6 mh 


Aj jl jlall LllliLall <■_ i\ >n*\ 

1/LT=1/L1+1/L2+1/L3 
= 7/20 
=2.86 MH 


L t Lj L 2 L 3 



L t ~ 5 10 20 

1 _ 7 _ 

L t ~ 20 
Lt = 2.86 mh 







4_l^lc« SjLa 4jlj3^) 4 q j 1 Ag nj ^4 1 c. 




~y > J V J V J (j-a (^Ic. *SS'^~ d^l (jli A ' . .o_^a]| ^jljdJI < _ s Jc. dll j3 die. 

dijUll jUSIl aJU. ^ jUJI 
JjLJt o-iLo £- jj j i ^ 1 u AiLuiJI j ^_]l j > : .',ll A ^ ^le .A d i » d t o'X^il A-ajS 

farad F u^' Sda. j 



100.0% 

9ft1% 

04 . 9 % 

Bfi.4% 


63 . 2 % 




a Jj^aJ ^Wntdll dlS jll L-fllxjJal 6 ^UixJI Jj^aS ^C. Lajh 

Jl jjJl ^^ic. aJ j-<Jl CjU&xJ! L_jljud^. 

1 _ 1 1 1 

C t Cj C 2 c 3 


5 uF 10 mF 20 uF 



J_ = 1_ JL JL 

C t ~ 5^ 10* 20 
_7___7_ 

C t ~ 20 
C t =2.86 if 


(_£ j\ Jjll j-all CAii&xJl (. jl 


C t =Cj +C2+C3 



Q =5 jf+10 if+20jitF 
C t =35 }iF 

&< A \\ j CjliL&il c-ujudj S^jIaJI 4-3 jbuxi! 

L " ^ Q? ^ A j ilil-a ^ ^ ^3 < 3 jIjlaII i duiai ^)j| <L<s 

XL ^jLLaJ) S jJjIaJI 4-3 jlauxil 

AlLlij ^ (jjlxj CjULJI jls ^Liill ^y\ 

t (L) 4 ^oj 3 cr^ 4i jIxaII 6^a 

Uix]| 4 (J jx-a ^11 ^lc-1 di3 j ^)Lil]! *liij (jiai^La UJ"^ ^ s '^ c ' 

A. C-^jjdJ bl* \l A ^ukl] (Jj^aJ ^)l_ii]| ^Jt-C- (jjfb Ld^jc. 

<1L^. ^Ac.1 4_xu3 ^Jl (Jv^ij ^)l_ii]| j (JJaj <»— il _jill j 



Low Frequency High Frequency 


X L =2xfL 

XL - 2 x3 .1 4 x frequency x inductance 



CjULJI jj ! fgk cJ jil I j jLiill 








z = 14.1421 U 



R=10 £1 


l " \\ Q*X^\i c,aS jIaII aj jIxaII 


*c = 


90 degrees 


1 

2 izfC 





R=10i> 



L . C jfjjJ 

V jli- s .jit jit XL = XC 


* 

* 



Resistive if X|_ and Xc are equal 
nductive if Xl is greater than Xq 
C apacitive if Xc is gre ater than Xl 




X I = 2 idL 

X{_ =6.28 x60x.005 
X L =1.884 n 


*C 

*C 


l 

2xfC 

1 

6^28x60x000002 


Xc =1 f 327 Q 


Z=^R 2 Tix^X^J 2 

Z =^1000 2 til .884 -1 ,327 ) 2 

Z =^K000^000TTTJ25Jl^ 

z=jmoMoTTj55j32Ai 

Z =4zj55~932~4i 
Z = 1,660.1 Q 


jjjljUlR' L 1 C 



l t =JlR 2 -"C -I L > 2 



£ 

' R 

120 _ 

1000 

-.12 amps 


= 2.4 amps 


!c=- 

Xc 

, 120 

f C = — 

25 

lc =4.8 amps 








h = 'Jor? TUc 
i t =<JjP 

i t = V. 0144 -5.76 
i t =^5.7744 
it =2.4 amps 


Zt = 


Z t = 


t 


k 

120 

2.4 


Zt =50 Q 


Sj.^1 j S j^Itpower & power factor 


AiUall j j J ^ J A_xi jtLa]| A£1 ^Jjo1a]| 

( ^ <j^ jjii£ 3 l j LJ*Jt ^ x>j’q" jj jl±i3l ) jldl <UL^ ^ 

^ ^ SL^jVI ^)Lii]| ^)JJMJ Ld^jc. J jsu c. q^^ll jl L "<i\a\\ ^jauJaliiLAll (JL^-aII A ^]| AiUall 

<JajJoj ^ixll j A qjq^ll ^ALajVI ^ x>\l ^A ^ ^)l_ii]| aIL^. 

The formula for apparent power is: 


p = Ei 

P = Ef cos 0 

True power is measured in watts. 


PF Sjjajt 

AC jjl J^' J' ‘'ijaaJI Ajjaij 

A_Xi jULi ^)j| ^ll (jl (_^l 1 = PF (j^£j 
Sjl^p. ^ dl^I^Jjull AJj^joLaII 6J^ll (j£ (jl (_^l 



(J £ dlx^.^) 6^)j|^]| q \ oLl*^ I^A dAlLa]! ^)j| 


pp _ E! cos 9 

~ Tt 

PF = cos 9 


CjV j^aJI 



Secondary Coil 



J^Llall ^j^judllj ^ x jjjJal iaua 

^ jl JaxjJall £3^)1 u>n djV j^x>\j 

.1 g an^jjJ j (Jlj ~ ^ 


J^u^jUlt JaIjLA 


(_£ jjljll ^J1 t iLoll -La ijJarLlI (J£ (Jliljl j^jC- F' LilxJI 4 ^ aq \\ ^ ,j \q\*W ^jjj (Jjjl^ j!ill ^io Aajju 

Ja ^)j^a^J JuJL2k c # iVqj ^j| L_likil J.\iUiij (J-gI*-a]| I^A 



Lines of flux 
confined to 
iron core 



Lines efflux 
that donl couple 





Cjlilil Jip j jLnil j 


jjUll L-aLJl Cjlil <j-a JSI ^jI.HjVI i *\a\\ diliLa >11 ^ij CjV j^a -1 

<_£ jjIjSI c <aU'l dillLa <j-a jj£I i aLJI CjIALg ^jjSj ; (jJaik CjV j^a -2 





Primary 


Primary 


120 VAC- 


Secondary - Ground 


120 VAC 120 VAC 


-240 VAC - 
Secondary 


= secondary voltage 
Ep — primary voltage 
!$ — secondary current 

Ip - primary current 
/V$ = turns in the secondary coi 
Np — turns in the primary coil 

To find voltage: 




ES = 


E p x/p 


E P = 


Es xf S 


To find current: 


E p xlp 


Es xi S 


To find the number of coil turns: 


Ns = 


Es xNp 


Np = 


Ep xNs 


Np/ns=ep/es=is/ip 



all ijAsub 


(KVA) V 

(KVA) l£ l&A? cJO 

£$jZuzl\ (j\S& 

^Jl L-llall ^aJjo^j ^jC- (Jlkj L_lLall ^9 (j I Jilaal I J cil^LoaVl J L_liall j ^9 


jljLVI Ajj^J CjVj^ 


Deltta -1 

V UL^I J <_£ jLolLq j \ ^iaVl £J*y (jj* L-Jj^ jLilll UJ^ UU^I 


LI 



LI to L2 = 480 volts 
L2 to L3 = 480 volts 
LI to L3 = 480 volts 


tU=JiA 2 +lB 2 +dA *W 
iL2 =V / 5 2 ^ / C 2 ^^5 x /ci 
! L3 = i/m 2 -/c 2 +Wa x/ C^ 



STAR -2 


LI 



Vline to line >vline to ground 






pumps t compressor ‘ motors 

busway ^ j -2 

circuit breakers ^Ija -3 

control component ^4 -4 
enclosed switches «4j$^ -5 

HMI A ' dl j JL^ijl < ** ^ **- 4 _t> 

lighting control -7 

load centers lWVI J £>« -8 
metering -9 

motion control and servo drives ^lc->4l ^ ^Vm -10 
motor control center ^ <— 1 1 

panel board <4j$^ ^■>'-=>■ 4-12 
power monitoring system <4 - 1 3 
power supplies -14 

process control center ^444' ^ . 1 5 

plC ^jUaldl ( a£aj]l ^ 4 j_£ C jl.la.jll -16 

switch board diU.jl -17 

switch gear «4j$^ £04-18 
transformers cj^j^-19 
variable speed control ^lc->4l j *-* ^ -20 









f ±A jj jSL^a 




*UIt JjjjJa ££. 




f bjfr£j) Uja 


A |u|| ) Q ^ *\ ■» \ 

(Jj^a j-al! ^Ac. ~N (Jj3 OjJJ ^gjaLllaLijLxi (jL^a (j!>Lk (Jj^a j-a 0'^)J^ •^ c * 

Aj^j^ 0jO 4_LsI£ dAiLAI 0'^)J^ , ^ c ' 

jjja 60 ^ jAJi uj^ RPM <aA^I ^ Sj* 3600 o' jj^ ^ 




f LjfrSlI Jjj 

j (j-a ) l^ail ^Ijaj 4_ij^£ 4iUa Jl ^UfLajl^ixJI <aUall (Jjj^j .JjaII La *1 ju 

^jI^aII ^gJI AiUall (J jj^a j ^ic> j ^ £.Lj££ll (Jaj dj!>Lt£ AiUall Jl33 jl.^La ) 1^ T AiLall ^3 (Jj\Vl\ ^ jLill! 

^ CjV j^a ) jLiill ^3j j i5 i jail (JJali Jl ^-LL^J ^1 j-all 


CjVj^aII 



Step-Up Transformer Step-Down Transformer 


)hase jlj^VI f LjfrSlt 


4-^.J-^ 120 S- 5 J^VI ijp •!*-# jjla 




Delta 



A-B 

480 VOttS 

A-B 

240 VDltS 

B-C 

480 volts 

B-C 

£40 wits 

C-A 

480 volts 

C-A 

240 volts 

A-N 

277 wits 

A-N 

120 volts 

BN 

£77 volts 

B-N 

208 volts 

C - N 

277 Wits 

C-N 

120 Wits 



j j (jj'S kk\\W j S^LjaVl (J-a l^)C«l ^Vui>n 

J^Xa 














~t--l j j c_ul£-a]l 

busway jll 



Bus Bars Housing Insulating Material 


f JjlJ 


Feeder Buswey 



Panelboard or 
Switchboard 


Transformer 




^ J ^ ^ ^ L " 1 V i , ^ 




j£' j- Load center 

JL^VI 

panelboard 

cjU.j] Switch board 

S j«£ll 

gt U»VI ^ agLxJa^U 

lajLaJl ^gJc. dliii- 

(j-<4 

max 240 volt, 255 A - 

JajLaJI ( _ s Jc. CllJJJ 

125 A. ...1200 A 
120 V 600 V 

L—ljl^JI j ^aLdVI (j-o 
o Liajl j j»L«V! ^ tlijjj 

^Ua 

»»>6000A 

600 V 


circuit breakers 

15---> 1200 amp 









switch board J 




Outdoor Feodor Busway 


Feeder Busway 



Switch board construction 
















Motor Starter 


motor starter j>Ult 

CjIaL^jVI Jjlc. jjoJI AIa 

Cj!>IA£3I j ciAiLal! jLiill j < 3 * Ljajl J L_ll2nll JUC- J Jjl 

a ::j X\l 



rumaa INNOVA PLUS 


industrial application 

low voltage 1000 t> Ja' \A\ JaxjJall 

medium voltage ^ 1 00 J 1 1000 

( (jJC. j_^3l ) 

high voltage ^2ja 230 jl£ 100 Li^aM 

extra high voltage ^4ja 800 ^ ^4ja jl£ 240 <_ sj' ^1*1' 

( i^lpH ) <^->-*11 ^UiJI Switch gear 

jjjI_ja]I j Cjlil&alt j j 4-iLaa. j £J jjiill ^ 


16.5 KV -> 38 KV A*-> >-11 i^Jl 






Sub Station Siemens Medium-Nfoltage 

(Transformer) Metal-Clad Switdigear 


To Industrial 
Facility 
Distribution 


JaLialt 


600 j480 j400 j208 oljill 
5000 cs^ 





lit jilkll *1 j 





Utility Voltage 
2400 to 13,600 Wte 


Incoming Section 
(Shown with Primary Switdi) 


jrafeni 

i l-nnnmp-l l 

i » 


3 

1 

% 

) 

4 * 

i) 


Transformer Section 

Primary: 2400 to 13 , 000 Wts 
Secondary: 2Q8Y/120'Ait 
240 Delta 
480 Y/ 277 Vbt 
400 Deite 


Outgoing Section 




j l. A x^a jxa CjIcA n«o\l JlLo ) 4jf* li^a (/"itj'xac. - ] 

j! c!iIa*_a 1I jl 4_ij $.1 ) 4 -j CjLLoc. -2 

CjI jjUall j ciAjj*JI j cIjIjj j- c_u£jlll _3 

oj.XLL.iua 4_ijl_ixa£ Cl)lc-LL-£a -4 


Ajj^moJI CjUIaaJI 

plQ ^£^lLa j j^-xa 0xaUjJ ^ic- o-ljj (J-aJU ClAjj£L<a]| j^>» J 

PLC 



Switch 


Pushbutton 


Selector 

Switch 


Prcadmity Switch 


Photoelectric 

Sensor 


Limit 

Switch 


m 

Pilot Light General-Purpose Motor Starter 

Relay 

l** it tul <UL^ ^Ac. 11a AxUju j Aj C. .llilh pic (Jl 

(jUJ! CjU>J j jjlil j-a 11 £_£^U3! (JliLol Cj!^. j ^-Sc. <j ^aL^JI j j 




cjVL^V! 



IjJojI j A-ilc. ^cxaU^j jl L>^ AjullLa] til 11 j ^)J jAiA^iU pic (Jl (J^ 3 (jl I ^jl (J^aaII 

CjIc. Jjudll ^ jl LjUUj <JlAj| 6^. J jl pic L_j (Jj^ajJJ (jl (J^aaI! 

4_jj£L<Al j ^jLudjVI (jAJ (Jj^a ^11 6^^ j 


HMI 




WlrCC SIMATIC HMI Operator Ptanals 


siemens o± ^ 





CNC controlled machine 

AiLiSJ j 6^)jjjua]| jl A ^ (Jl!Lal ClAjLi£La 

^ jVI (JJjia -£^11 cnc J pic c> 

Sinumerik 

j Cjs jll (jjoij ^ jjL^xi l^ja <^11 CjUjSLJI ^Vuujj siemens (j-® 

4 m ^ djliLoM j 4 m ^ Cl)lc.^)jaiJ 



Aii£La] (JllLa 











Pushbuttons Circuit Breaker Motor Starter 







J 


Cj5U£1I j\ 
4_uLjaijb 


CjliLJI <jl djLo^a (jc. g±u <jli 4 _jjL^9 ^jjjI j-ail (Jj»-uu1I AjIaj ^ic. 

L-LujUaII .iaJl Jl <Jj^J ^JC- U^JjJj Og ^'1 (J* aik ^1} tillil 4 j^j’ll dlLa,!^ Ljajl 

SOFT STARTER ^ s j**l *^Ua j 



jjjIj^I ctejm J (DRIVES) ^1^14 

cj jail l x j L_J i^lla^]| ^3*^^ ^ 1 ^ajl j ^)Jj| j-all A£.^jjoj * AC 

Simorig DC -SI j£lj*SI ^ C^j! ^jj ; DC 


MICROMASTER 
tec tor 




MICROMASTER Junior 








Ottws A-B Oi-fWnK UOOKON SMAT1C8* SMflK 87 SMOfCKC 

Totornocanfcjuo PLC-2 9020 884 Cwrptato 57 200 ConptaQj 

On ran PLC* 9030 Men 894 Ramify 57 300 RvnlV 

MknUstil PLC« 90-70 57400 

SLC-6» 

F4-C6^20 

SI 


LAN 

djULoi^JI Jjg ka\\ tilli j CjIc. jjoill ciLa£^la j PLC J j jj C j!)L^aj!)U 4.^,^ uux>'l CjI£jJo3I 


ClAoti^aH Jllol ; AJj^a CjIjIaC' 





A U I' A 




j jjAj j LajIj aj^HoaII ’A ^ ^jj a_iLo*JI (jl ji£HIS ^Uaill Ijia ^j^jjaLj djLiLaxll ^ 


^Lojall A*a j!-2.a 1] 6^1^)111 (J^j-3 4_jl^a jl ^yu jSl) (_£^ll j ^)jjLa lg-13 ^A'im ^ 4 \\ ^3 j 

Cj^jII ajj l_a jjuj ta^.V j ^ 4 x>jq'l (JL^jI SjL c-V jl g <JLujjV i. un^j j <jjlL-<JI 

liA & I ^ ^ I 4 1 1<-> ! ^jjjj \ ^ 







20 LB 


O bject 


1 O LB 


l\let Force = 


1 O LB 


10 LB 


Object 


20 LB 


Net Force = 1 0 LB 


1 O LB 


Object 


1 O LB 


INet Force = O LB 


torque (0*J' -3 


Torque f (o 


ft 


\ 


Radius 

(Lever Distance} 


3 


Pivot Point 


i 


Force 


( J & X 6 jlll = ^ 3 *-^ J ^ Vi Igili 


^Iji ^Ic. S j3 CjjjI lil 

T=FxR 


Force 
10 Lb 




4-l^.jLk S j3 Vile. ^ lil VilLa. ^ (JJaJ 







S j3 <ii jli AiLaui Igila (j£Lui ^^ic. S. lil 


friction -5 


^ic. (jx>at*i\ & j3 tiiiiA (jj^j (ji ajV dilji (j>» AiUaii ^3^ s^a 

jjj^akl! Jc- (. jLMl AjjI^< 4 6 j3 jjjLJl 

^gic- (. _ AaLil] 6 j3 j ^I^GJjudV IAJIXJ 


^glJl J jjjUJI <JJJ -\ 

^jjjLaII CAsl j AiUall Laill -2 

^jljj^ll (J^X. j jJjuJI (jJJ -3 



speed -6 


^ Ax^juiII Cj 3 ^11 ^_gJl <iL.ii a]' <jjoij ^ ( '— ! ij ^i A iix x> AiLoixi cil^pJL ^jui^. 

di jll / AiLouJl = <X Jjudll 


60 MPH = 


gQ M/fes 
7 Hour 



*Lj|jji]| f Ij^Vl j-uu _7 

4_LA£ (J-axl ^)j|,3l ^gic« 4 Lflj S.lklj dl2 ^11 qC- S^)L C- j ^ j-alx jl 6^)ljjua]| ^Lal (JLa 

4 RPM 


Starting Point 



acceleration -7 





t - a*X ^\1 j Ciliiall c^llj a ' j'' ^a j ^)Aj J| ' -n n' 4 ! j djLall£-^]' j djliLo]l ^ jj ^jjl ^_a 

VAR *— 1 (j4S2 ASlJaSI e^A j jLljl] 4 J. Jajjt JJ*J J 




P = El 

P = 12 volts x 2 amps 
P = 24 watts 


(J ■ (jj£j ] ^_JI LolS j ^a A ilS]' a jajaA II A i > >i *i 

Watt/EI= PF=COS0 

(jLdAJl j UjIj jL£Jb SjJill Jjjaj 4amJ 


KW=3/4 HP 





HP= 1.341 KW 


AC Jt jjgUl 



3 PHASE jj jjj'-* J'AJ' ^ 

o* 1 J“ jA asynchronous induction j 

A j > >il > nl (JjSjj j ^jau]alji-a]l (Jl^-ail (jc. 4 aVi-v ^ rotor (Jl Ac 4_j 3 (jjfLa 

stator - 1 
rotor -2 
enclosure -3 


stator -1 


j jjj'-aJI ^ CjjIjJI «. jail ja stator <_!' j ajfi jj'j- 1 ^ rotor <J' j stator J' 

djU-d 



stator J' ^jtaL c_il 


£jJa Jj 4_1 dl^yLujI (JA Aj J^Xh\l CllULJl J A^. jlA Ail jttml 1 g k^9 J ^jl^Jjudll 6 1 a 

J ^)jjLa]| IdlXi ^A 11 a j ^ kk\\b \ lx A JJ^ ^ \h°l JJ$^ 1^1 L_lilll £A djliLall (j-A 4^j A y A (j£ 

\ i" \\ q\a\\ 6 1a (jjL-S Jj 




Rotor 

squirrel cage j ^ * jaJI > 

(J 4 lx^a j>4 SAaC-I j A J i.^ar x> ^jlL^a (j-a 

j ^ i nj lit lx a j^£JI £. 3 ^ UJ^ (3*-a j-<^ $>3^ (jj^J f _jJI l^-l^l^J j 1 g jJaau £-<a ^jla^^ali 

jj^J (_^ill ^gic. dliLa LoA!)1£ j ^jjljj^Ull !)l£ (j-d 4_ijl^jll 4 q'^'U 1 f \) \\ \)a j Ujj^£ Jj^ j-a (Jj^ j-all 




Steel Laminations 



End Ring 


enclosure 


JjJI i. -nin q\£m j ^ jUJI jUaVI qa (jj^y 

jlLVI <Ji.ta stator J' 

( f'sAw JL^i' V ) ja £-a stator J' <J^ ejjSj rotor J' 

' a^jja shaft Jl ^Jc. c_ul j L^jI j rotor shaft J' ( ball bearing ) 


End Bracket 
{Bearing Housing) 



jjjUII jj-ij t-ijS 



dljl£ j\ ^ (JlLd j J 1.W ^A j A xag ^ Ajj^alA. tg_l l** il jmjJol \* x>\l J£ 



-La-i^ol! ^jauJaLliLAll JU^JI UJ^ Q^J 0 ^ Jajjln'N ^A i ^ ^!i]l ASi^a ^jjjtJI a ^£11 

^jicuJl j 4_iJ^<i ^)JC. ^A j L_J jK \l ^Jl JLu.uS 1 Ja j j ^JLgjui iat x>\l 

^gJUill Jill! ^j^SjJjoj j ^ v W a^l^)J ^)l i>^v\ I j £.LjalJ ^jl )>^"slj t-£JJj^) 





L-iil^JJ AillkxJl J jflUjJ A g \\ ajjIaII C_)Ua3VI 



Aj^n^al \* a jj^-i! 


JlLa Lja-jl ^ 1 l 'J ^ i* A Ja ^la^. (j-a j 4_1 ^jauJaLliL^ jL^-xa J*-a ^xa ^3 ^)Ljj 

Jj^a ^xaJ ajljJj J ^jjjjJaljjLAll 






^j*uuSt 


^ A\ -v A\ sL^j! j ^Liill SL^jI qai aJ£)Ic. tilliA 


cv/uui i ui uic ii iavji icuo in ico v 




Current Flow Current Flow 

Away From View Toward View 


(jajkl JXA 

LgJ (JjL-a j-q j (JjL-a j-q CljLaLa 





jlilll ^j£.aa]' (jA \ v>>jl 



5 Turns 10 Turns 






a! jlall Cll] jill 


(JliLall ^ induction _>dl Iaa* Iaa j dJ ji 4_Jc. (jjSii ■ "j iaU»^i JLa-a dJ^adj LoAic. 

UVVI I II lUVjl IClIVf IICIU. 


Ammeter Ammeter Ammeter 



Time 1 


Time 2 


Time 3 






(jL^ajj Iij V J ^jlllll J ^)d^a.AJ (JjVl (jdLa (Jj>-ajJ 

^jVI AJUi! J 

(_£ ^l*-li ^3 6£.!^)3 *1^ V Idajl J ^g-lijuall c iLoll ^3 (JjL-a dll ^3 jl ^)td 

4d0ll 4JbJI ^ 

^jjjdJal I x>q j^j^^ll ( xJaSJ 4 j L5 iLi i ]l (. <lLxll ^3 ^jouialjx-a ^jjfdlS ^ALaill (. &L&1I ^3 jl J J)J ^)Lilll j dll i^ill 

dJj3 4_llc. (jj£d J (_£ jUl 

£ilt!ill AJbJ) ^ 
Uixll ^^-adll cJ^-£aJ dll jill j jldll 

(_£ ^lxll L_aLoll ^jjjuij ^)ld (JjSjj ^lilill dc. dd^JI I^j j n»^ (JLoj!> 11 ^Ic-Vl (j -a ^)tdll ^)jjmj j 


Aj (j-ald ^ t nj JoLid (JLs^q C > 1 u*n Loa <_£ jlxll i oUl ^ lijuill L. ^ t u J Jol \* x>\l (jiajall Ja jl^A ^Ja3 C > \ u*n 


jjIJ ^ AijhLjd Jla^a £#J& 



Stator J' dliU c_d jj 



dlil 5 

jl ^ial Cj^ill (j-a jjia (J^l 2 

LoaI^. 1 ^)ld dc. (J^-jujI ^-Ic. l_ij^)j j ^jjjLaI! dial ^)dxj j ^ xjjjlal lx a !\ L-ilall ^Ic. L_alj dliLall 

j jLuai L_lia3 

jldll (Jjo^C. dc. ^jjo^xll J A2 U.J^-5 A1 ^1 ^4-a 




-H 

""" 

J 

A1 




To Phase A 

ABC 



To Phase A 


120 ™ i Cf- u'- 1 ^ A,B,C 

2 JliLall lift ^gk ^1 jll Jjlall CjULJI jjq Ja CjIj^ JAaj i _ il UaVI Ait 

LiU 

82 .'Tv.. 3 

•O' 


C1^T ) Vi20 c ^ ( X^B1 

I A2 1 

2-Pole Stator Winding 


jLiill aL^jl ^ jIaII (3 > a\I j C ^AJ ^)Ijj]! ^jLjj ^Ax^aA ^ j Aic- 



Positive 

Negative 

A1 

North 

South 

A2 

So uth 

North 

B1 

North 

South 

B2 

So uth 

North 

Cl 

North 

South 


So uth 


















A1 


Resultant Magnetic Field 


Magnetic Lines Of Flux 


i 



X Current Flow In A Negative Direction 

B 



Start 


-2 


A1 



Start 


1 


ii itjm iy.j:> anu u it? n iciyi ituu i lave i vt^i ot?u [juiai . 


A1 A1 



^)j|j ^ t u j )ol \it x> j ^jun^at-la-All (JL^aII 


.1 ^ *:l 








No. of Poles 

Synchronous Speed 

2 

3600 

4 

1800 

6 

1200 

3 

900 

10 

720 


rotor A\ 


Magnet 



(Jc-lili A Vi A i . u j JoUVa 4_S (JVl^L ^ j-aII \* a\1 (Jjj^a ^^ViaII ^ n,ij ]oLi3L^]| (JL^aII Jil jj Sic. 

C-jJa&ll j \* a\\ ^ jj W W L_llaa]l i > l^^ViaII ^joulalix-all (JI^-aII ^JLdJudll ^ Jll jIaII (JL^aII £a 

((JxljU I* a\\ ^JLajudll L- C > I.Wj li]^)ViA\l ^ kk\\b \ \* a31 JL^aII ^gJjW\l 

(permanent ^.ivLuij ^Uaill 11 a j Ljajl jj.iil (Ja^UxaI! <- * vwj ^ joaLl i* <JL^-a1I jj^ j 

) magnet synch motor 





slip 


(jjiSI jrotor l)^ j ^jl^ll '* (Jl^-ail Ac . <jjj A£-^)x*iil *^SljA 

(jjjill (Jlii A > *-»' »■■ j| j ^ 6 -^Li j ‘ . '_'■ 4j^Ij j ^ 1 > *-»jl (J^iaJI (^yic. ” 

0/ r.,' /Vs - Nr 
% Slip = — x 1 00 




a/ „ r 1800 -1765 
% s/ip = Jggg x 100 


% sap = 1 . 9 % 


(Jtj-a 


Wound rotor motor 


dlLa jtLa ^11 \ k>ij 1 j 4_L^aj>s ^ dAiLa^ (Jj^a j-all ^)Ull L>® (jjfLi 1*0 tOf (J^ (J^ ^ C5^ 

S^iilLo 

rotorJ viil j3 cjiuij ^^jaLiLaUx^ JL^ J jii Sic* 

^Jjo£jl 1I J 4x.^)jud]| (_)£j J (_)£j S^IxSaII <L<SjtLa]| 



Synchronous motors 



(J! (JiLa IdJ Alldll ^ dll jk ^ks^A) !>L^ajJ j dll q\x> tg_ill l <ll k>ij 4 L^a j-all dl^)Ull ^11 AiljJaVl^ 

ls o^l squirrel cage 

^)jd j (_£^kVl ^ k n j Jol iar x>\l JU^II (Jjcaal <_£ j^q\l Ac.^)jud]| ^Jl (J jj^a ^11 dc- (Jc jdxa JU J Ia^Ixj j 

^ x ALilal lx di (JL^aII 'Lc-^juj (jdij rotorJ 4-Jl^ll ajiA ^3 



jjj! J-4II dLL^al jji 


\ g jlc. ,^a!I ^auujVl -1 


o SIEMENS o 


PE -21 PLUS ’* 11 PREMIUM EFFICIENCY 

ORD.NO. 

1 LA 02864 SE 41 

L I I 

HD, | j 

TYPE 

RGZESD 

FRAME 

2 S 6 T 

H.P. 

30.00 

£FRV|CF 

FACTOR 

1.15 3 PH 

AMPS 

34.9 

VOLTS 

460 

R.P.M. 

1765 

HERTZ 

60 

?v 

-I 

l£ 

r-- 

DUTY 

CONT 40 °C 

AMB. I £ZI 1 

ClASE 

INSUL 

r- NFMA rj K,V.A. 

r DESIGN D CODE 

G 

I NFMA, 

| ^OM. EFF 

1 93.6 

5-. PND 
: i I 1 ’.: . 

50 BC 03 JPP 3 

u ^r 1 50 BC 03 JPP 3 






o 


MILL AND CHEMICAL DUTY QUALITY INDUCTION MOTOR 


Eienrsns- Energy fi. A^Dnstcn, Inc. Lttie Rock, AF. 


ma nr in 
U.B A 


os& 


I AMPS I 34.9 


| volts I 460 


jUll J ill] jail -2 


Rpm -3 




4_1L^. j dil jhl\ jl -lie. 4£.^xull 


1800 = NS 42 *\ jUt **>JI 
1.9% (slip) tSja uj^i <-14£Jl lU^JI ^ j£l j 

17() 5 (jc- A£.^)xull (j£^a (J-ol£ JJC. (j^£j La^jc- 


% S/ip = 


7500- 7765 
7500 


x 700 


% S/ip = 1.9% 

service factor j' JAc. -4 



^j£j j L— llij^al j-aII %1 5 ^ItL) (-1^*-^ (1*1 5) J 4-4^ ^ dlij^al j-all (1) ^ L$\ 

4i ^>ax11 (Jlsj <J-a*-11j ^)l^>duiVI ^dc. 


( class insulation) J >1' -5 

A, B ,FH ILL 


DUTY 

CONT 40 *C AMB. 

CLASS 

HHJL 

F 




Class A Class B Class F Class H 

GT C Rise SIT C Rise 105° C Rise 125° C Rise 

5°C Hoi Spot lire Hot Spot IT C Hot Spot 15°C Hot Spot 







^lxu^aJ-5 


mBi I ~B~~| 

A-Lollxll Lilia 


efficiency ^leUl! -6 



4 £ia3| (Jjj^J 








Ml jit tMji 

NEMA gUallt jjjIjaII Ljliufl) j,a 


J 4 qVi-sxill (JL<^.!)U J ^- c '^) Jud ^ (J^a L5^ <Lc«^)jud]| <a!>lc. j ^ajL^a^J Lilia ^)jj| j^ll ^Qj^aJ 

NEMA A,B?C,D 4-aA^I ^Ua 
a <.** il qjj Ail C! 9 ]3 6 1^)1 ^Vil 3*^^ B ^ A 

4_aj2/La 1I c_a j^lall ^ (J^aJl (Jjjr.uiJ j j AjIAaII ^a^C. UJ^ U^ ^)jjLall 

HP = TxRPM/5250 
T= HPx5250/RPM 


gjxit j 4 & AjbUA ^Lnl) 



0 10 20 30 40 50 60 70 30 90 100 

% Synchronous Speed 


starting torque <0^ -1 







% Synchronous Speed 


V ciijlii rotor uj^ ^3*^ jl 

j V Cj3 j rotor Jl stator Jl djliLil j cJ jill Jjj ^ ji jiic. 

Jx^JI c> % 150 


accelerating & breakdown torque JjjgjVl j -2 


300 

275 

250 

225 

| 200 
^ 175 

"S 1 50 4 
5 125 

* 10 ° 
75 

50 

25 

O 

















Br 

ea kc 

low 

n 








(Pullout) Torque 







_ 

O 



| Starting Torque j 





r 

-^L 1 - 

7 















V ■ 

Ac celeratir 

ig T 

orqi 

je 






Full- Load Torque 


































1 78.4 Lb- Ft 

1 33.8 Lb-Ft 

89.2 Lb-Ft 


O 10 20 30 40 50 60 70 80 90 100 

°/o Synchronous Speed 


A JoVll ( ^- c '^) jua ^ 6^3 (JflJ ^3*-^ 1*^1 ) (Jj>* ^ J u' ls* rotor J' ^ ^ 

3^1 ) Ig-ilaxJ <jl (2 o^>Lc- 1 ^3*"^ ^- c '^) Jud ^ SjU3 Ia^xj j 3 

Ai j 3 j cjutij j A^pJl (jc. Adlajc. cjunj ^ jjjUJI ^Ic- Ja^U 0JU3 ^ajkJI aifc 


( full load torque ) <»Jfr -3 






% Synchronous Speed 


100 Ik. cg3 l] k ^ J C5^ ^ c '^) ja ^^ £a (J^J ^3*3 ^3*3 * ^* >Q<I «^*-J 

4_Ldl3^^ 4e.^)jud]| j^yn % 

ik. <c. jjaJI ) j ciJ jill j jjjjll ^ rated ) * vw 31 ^kll ik. jjjLJI 3j 5L Laik. ja ^3*3 ^ 

Jl* CjI ( NEMA B ) s^a ^Vnui slip <3 <■ EUM Ae. jjaJI lW^II (3<^JI 


jla^dl j jI^aII j ^)jJjoi1I 


J-*l£j| J-4^J| jLj J Ajj^jJj jbj 

Jx^Jl jUj ^ 600-650 % uj^ ^ ^ rotor J' uj^ ^3^3 J-£ 

^^Liic-Vl ^ 3 *^ j ^—3 ij3l j E 1 *JI Ls^ 4-c.^3t j j-® ( 3 <^JI sik. (jj-^ l^3I 3-^3^ <3 



NEMA A motors 




4_iic. ^tc- uj^ ^ i>^ijl j NEMA A uj^ ^u^aL^JI <." \\ ^1 j‘i^ VI ^c. 

AjIaJI JUO AjLo^ *jg ^1 ^IjLkiLujI 


NEMA C motors 


4_L£ill jjJjoJI (JlL 4 4_uu^a 1^13 AjIaJI qj£j <^ 5 ^ djlLulaJ ^ ) % 225 J'j^- f 

5 HP -->200 HP 6*^1 ^11 A^^joill ^)jj| j-a! j Jac .1 j ^jjdj£il i**it ^ 



% Synchronous Speed 


NEMA D motors 


Cjj j \\ dlLijJa* J £ajli (j^U jl JiLd 1^. 4 jar >^i\l CjUIaJI ^ ^^klLaiJ %280 ^ jc- 



0 10 20 30 40 50 60 70 80 90 100 

% Synchronous Speed 



derating factors »jj*l^l J*tj*SI 

AjUsU (JjjJ^J jl ±1^ J4jl J-dl S-bl JJjJ lW 

jJu -l 


60 Hz 

50 Hz 

1 1 5 VAC 

380 VAC 

200 VAC 

400 VAC 

230 VAC 

415 VAC 

460 VAC 

220/380 VAC 

575 VAC 



l> 20 % m cJSI fje- jj^Ull rated Jl eiJjill j* JSI % 10 ^ 

S^llx-dl 4x.^)jud]| ft Un I jj J^^\l ^)jjLdl ^JalLaiJ V (jl (j£-a-dl ^a3 AjIa 2I ^ajc. 

A£^)a. jJjuj jl . Aili jl Jj^a j-<JI J-^21 Jjoi£ ^ innj % 20 4- 1 ^JC- % 10 fijljJ Liajl J 
6 ^)I^)^JI 4 _^p SjLjJ j Jx*t£ll Ja^JI ^jIjj j ^jUj ^ jjJjjoj d 2 ^ x j ^Lg!)U aJL^Islg 



-15 -10 -5 o +5 +10 +15 

% Voltage Variation 


■»>3t -2 

^J*JI j <c.^)jud]| j (j«Vt ^ ^jAIiII 


Frequency 

% Change 

% Change 

Variation 

Full- Load Speed 

Starting Torque 

+ 5% 

+ 5% 

■10% 

■5% 

-5% 

+ 11% 


altitude ( ) ++jl -3 

3x. jjluj ^ jij V sjl jail J cs ic-'il (_g jloLa3 l (Jal e-ljg-i! ) j»J3 3300 (Jaj L **y/" ls^" C A k ^ .j^l j-dl 




Altitude 

Derating Factor 

3300 ■ 5000 

0.97 

5001 ■ 6600 

0.94 

6601 ■ 8300 

0.90 

8301 ■ 9900 

0.86 

9901 ■ 11,500 

0.82 


50 HP X 0.94 = 47 HP 


Ambient 

Maximum 

Temperature (X) 

Altitude (Feet) 

40 

3300 

30 

6600 

20 

9900 


motors & drives j 


^3*-^ L_fl jjuj 4_ilc. j ^jjjLaI] ^ 3-i» x>\l ^isu (j£.aa]| ^ja j 4x.^jjudll qjj)Vi\l (_>aju 

J^i 

jjjHit ell] 

y/f dlldA ^ ^aII ^<auni 

^ = 7.67 V/tfz &!L = 3.S U/Wz 

Ajjalill fi3b ^Ac- ^jIAaJJU ^ l£ ^3*"^ J ^ ^ ' l * a\I J O, 

^jjjLaII ^3^ t — ^ j-^j J (J^3 (J^a^ll J A£.^)jua]| ^3^ t — ^ J-^ ) L — ^ 6^3 *^^3 


T — k<]>fw 


(J) j» j*ll jjIjj 

J yy Jj^ jJaII (Ja^JI (. JUtlJ C_J J^fc kAaW jLiAL i-JajI J 



c_s jjoj 3JSSI SiA J£ j (Is) 


/)W 

stator J' £jtiL ^ <_>* cJ^j j JSj ' ' 4 k'i» J t jb j Uiajl j 

^^ic- <^lc- 


0 ~ 


£ 

f 


r = A-a>/w 

^ 2xFLm 


Cajlg]| gjxjt 

T = 


jA !i& j hz 60 ^*-*11 jjjjJ! ^31^ 0 a_jI q^.)V jj^Ldl ^ j£i (jl ^iLjjoij drives 

dulij ^3*-^ uj^ 
CajIj ^3*-^ — dutj UjfL <iAj v/f LJlL 

^jJI ^IIjIU j ci±Aj ^j>ijq\l ^gJc. ^ Jafll “\ a \\ tilli j dJ jill tg_I <jjau 3 U Ldajl j “Ic. jjoJI jj*j 1 ^jSII drives 




460 

60 


7. 67 Vi Hz 


230 

60 


= 3.8 Vj Hz 


230 

30 


7. 67 V/ Hz 


115 

30 


= 3.8 Vi Hz 


230 V J 30 hz AijjJI (j jSL ‘Uam jlall 4 jc- Jjj jjjLall (Jjat nil' 

AjjliUl Sjjj&lt 

(JSI ^ J w 1 w ' «ax j 

460 V jj <j' jail <j^ j 


(Jaj ^ A£-^xull jj ^ AjjIj o^^ail 2)31 
Frequency V/Hz 


30 Hz 7.67 

60 Hz 7.67 

70 Hz 6.6 

90 Hz 5.1 


Flux (<]>) and torque (T) decrease: 



T - k<l>/w 


HP (remains constant) = 


T (decreases) x N (increases) 


5250 



Decreasing V/Hz 



jjjj j JjISj 


NEMAB 

^ ,j*JI ^ %150 
J-IS1I cW jUslt c> % 600 

^tajj Ia^xj j JSI cJ j (JSI lie. drive cJ^ 
Sj j-dl A£.^juo]| ^jc. cl) - ® % 150 15 (jl (J^aaII ^<4 drives cJ^ 

JaI£]| cJ jill ^c. 


1= 

"O 

I 

£ 


225 
200 
175 
150 
125 
100 
75 
50 
25 
0 

0 10 20 30 40 50 60 70 30 90 100 



% Synchronous Speed 


2 10 20 30 40 50 60 


Frequency - Hz 




'tic. ^ 3 *-^ (j* %200 33ac2 Jjj jjjLdl <jjfLl La^JC. J ^gJc.1 AjI^I Cjlknialill ^jiaau ULa.1 

( %200 *Ua&l l$' ) ^ ^ drive J' uj^ '-^3' j j^' c> %200 

J* drive 3 ^ uj^ u' ^3*^ 4-^ ^ j 1 s^-d ^jc. %150 3dac2 ^3^ j2i drive 3^ 

^jjjLdl ^£1 ^3^ 3 ^ r - V ^ic. I 

jjjLdl jblk! 


jj£j V j J£5 y/f JlaJI jjjjI! ik. <j£l j ^ ja. j-dl jjjLdl ^ C5 lc-I Jc. Ja*j drive 3^ Lojb 

^)JC. ,Aj^)±lll (j^£j 3 *^ c 3 -a _ 9 -dl (J-aaJI j 3 ^^ djlc-^judll ^9 Ljajl j % 1 00 U^ jM CS^- J-^ f 

l^Jc. i_j 1 *j 3 I ojV JSLSl# spikes 'j 1 ^' ejljill sijj j harmonic J' 
®. j' jaJ' tsi ^ jit JJajl jji»i drives J' ^ 

jjjLdl jUH^I 

4 x.^)jud]| - J 
<Ujc. j (J-aaJ! ^ -2 
(_£ jx^adl 6 ^)l^)aJl _3 

jjjUSI j drives J' ox Ail^AJl 

cdbl 4 itj£A] A xndl Cj 1JI3 3 *\* j \ ha l£ j ^ 4 _xu 9 J (J^ 1 * J (jAJ j 1 g \ij j-dl C 1 j^IjI£ (J£ 

^ i> o- 3 j*d' ^ j spikes J' 
harmonics J' j spikes Jl si* J^il 1.15 ^U^JI lW** j\ J^aL 


3^^ ^ JjjLdl <3jUa» 
3^-a j-dl 3x^21 j JjjLdl <Laa2j 3^^^ Ai^LLo 



% Ful-Load Torque 










( S _jjoj (_£^ll (J-a^Jl ^Ic- ^ ^I^Jlil (J A y ^* a (Jjj^a jfi (JHaII (Jjjjui 

1^j3 j S jill c > UuVi <jl jjJl 1^ La^JC- j AjIc. (Jja. 


pxR = ^3*"^ *>. d >*1^1 

6 3^1! F 

^1^)111 (3 d L <>n‘l R 



(J^l£Jl ^ (Jj^-aJ A£. Jjudll 6 ^Lj 3 , ^ c ' J 1-lp (J-al^ll 3 d %20 AJLjJaAll 



□ 10 20 30 40 50 60 70 SO 90 100 


600 Lb-Ft 


120 Lb-Ft 


% Synchronous Speed 


(J^aJI ^3^ U^ UJ^ u' AjV 

NEMA B 200 HP u^j 






% Synchronous Speed 


(Jjijujj C- 4-1 tnj ^pl9 ^jjLall 


\^.l Jll* 


Screw down actuator 

Nern.3, B ^EVuJ ^jc. j (J-at£JI 200 % ^ lj» uj^ 

(Jjxjuli ^jjjLaII ^ilaljujj V tilEl ^)jjLa!I 4jIAj (j-a (J-<^11 4 jIa2I 



% Synchronous Speed 

NEMA D ^ EVuJ j! ^^lc.1 s NEMA B ^l- Wn J <jj£-s ^ Jjl^li 



% Synchronous Speed 






j j IAj ^llajjalJ (jjfLi (jl AjV ^)jjLa]| 

q£> ^U^)^£Jl jAkSiA £jC- A lx^aS ^aJJ j Ajlc, ^0 <J-a^ (jjfLj J <- <»— fl J juiS ^jlVutiJ V ^JjjLaII <jl£ I il dlS j (_£ I 

AjLa^JI S^_^,| 


I f Uaiil Enclosure 



A lx ^ ^ A qWI iJa j^jLq 

i_atJ!>U 

2uj2VI J <jjU&£ll Jlj-llj 

CA jUll CjI jUitf I 

Mounting 


CjLJ 1A\ 

NEMA cr^l uulL 


“f f 

o 

r - 

D 

11 


I E 1 E 1 





IEC i^JUl fU»3U 






Assembly W-1 Assembly W-2 Assembly W-3 Assembly W-4 



Assembly W-5 Assembly W-6 Assembly W-7 Assembly W-8 












DRIVES jjSUlt , I 


li 




^aL^Jl J^Ludll 0^1^11 A x 1 ^ysi J 4 S ^joj 4_jI,a3I j ^LjjLaIVI ^ixiJjaj A^^jjuj (j -0 Cl A a£-^ILa] 1 ^Ic. 


CP ^ 


}Lg oIxaII / Ca JU pL^. CLujV >fjl j-alL 


HP (jL^a^JU 6 6 (JiCal! 6 4 jj^q'l 4 ^ \>» II 4 <C-^)JUl]| 4 ^3*-^ 6 & ”1 

(3<Ajla j A£.^)judll j jllll (JlLd 113,1116 pl3t6 A-llCjt a\I 4_^j^)jud]| ^Ac. CllLJaxAil <x^J^)a 4 ^jjjIaII L_u£^)J -2 

Stla^ll j nema abed 0 “^' j J j*l\ ^y j 

^ >■ a! t-»t lx a (3-^-* *lil jJ -3 


0> w^- 

j dJjall l_luj1_iLi 3 jIaII ^ 3 ^ 


NS = 


120F 


^ ^ injUl \* a\\ 3-^-^i as^ ^ juj ^ A£.^)judll 

E = kO>N 


rotor J Jc- Scl jlall s jill ) J jl<AI dJ jill 

JjjUJl ^jAx^i’i ^gJc. .LClXJ dutj K. 

% Slip = NS ~ NR x 100 

NS 



^ j*J! j <c. jjoJI aS} 1*11 j nema dld^l^ -3 

jjjUi! CjUjLq 


Ajc. jjuj j j jjjUJI jUj ^ jjj^ jill J 



voltage ) eiJjill U^xj cj^j . jiA\ jldll stator J' ^ jbl dJjill v s 

^joulaUxAll j ^ 3 *-^ ^ J d J jill ja j E uj^ j ( drop 

Im 4k£*ll jb j 


jUjII 3* % 30 jLiill j rotor ^ Jaj^lU ^ j£i ^3^ .la ^la^. d ] ji 3 c. J jiuw&Il ja 

A^jjII j dil jill 3^ (J£ i t util Tn (JlLd ^A j ^jjjLaII l_j >ux>\I 


Im = 



LU 


2 % 

F 

Lm 


Iw (J^aJl g-a LJj^.uiall )Jax 1 | jUj 

jUlt ^j 3 sjU j c > nun Ja^JI SjU j j J-aaJI ^Ic. dusu jA j ^3*-^ <■ A Uti J j rotor j-*j ^ill jA 

Is stator J1 jbS 


StatOr ^ J* J *bj$£3l Jld^l Jajla^ (JA *boibS 3 ^a* 

j s ^)t±ili bA jA ^ic. l . (_£^li j ^ l_j joi^ii ^)t±ili 













Frequency - Hz 

%200 drive <J' j % 200 ^ jf- % 200 jjjldl j\S j] % 200 jdaj UU^.1 

(> j4' j J-? %150 drive J' uj^ j' 


Frequency 

V/Hz 

30 Hz 

7.67 

60 Hz 

7.67 

70 Hz 

6.6 

90 Hz 

5.1 



HP (remains constant) - T (dacreasasjxN (increases) 

bzbu 

uLa^ait JU^dl Field weakening 

dijtj (JIaJ dll jill j 4 AaIoIaII dIa qj£j ^ Jjll (Jj 3 ^llll j-<3 

<C.^)judll 3 *^ (j^l J 4 -C-^)juj ^» 3 *-^ p-UaC-l jiS 4 dijtj ^» 3 *-^ ) A£.^)juall <3* JSI 

3-<il£il ^jJI g.1 1'-ic.l ^jjjLaII 3j"^ *1^3^ 3® <3^ 3 




jfiy* 90 ^3*^ 3* %44 JaSa ^ laau j JjA 60 JJ^-* (J;if*jJ ^Ic. 


jjjIaJI jblk! 


^)jjLdl (j£J j (Jal Ljajl j d)|j!.^)J ^Ic. (3-ax]| lall 


i j jjjUJI 3* J&\ l^S L*jb drive 

^jjoi^.1 <UL^JI sIa ^ (jj^j 


150 


MavmrtftMt 
Ibrqu* Rang* 


44%^' 


Cont h uousTbrqu* Rang* 


Frequency 


(j-a % 37 is^ 3 (> j£.aa]| yA 120 ^ c ’ LS^ 3^"^ ^3*3 U "* ^UaC-1 (J^aaII a 

j*] lU^> 

% 2,5 ^ c ' £J A y LS^ L — lU^J (jl (J^aa]| qa ^)jjLa]| 

tiili yA 3 ^j£.aa]| yA j 6^li£j (_£^l*Jl (3^ % 100 S- 5 3^*^ C5-^-*3 3^ ^)jjLa1I 

t 5 ^l jL“ *dael g j^ ‘ «j drive J' <j^ '^' %1 50 



AC DRIVES Jl tj&t* 


siemens 

Siemens motor inverter 
Simovert 

i _ jjlkail jjjjII j till jill Jl j jjjjII j cJjall JaTi drive Jl 

inverters J' l'J' 

cJji eUael VVI variable voltage inverter- 
jUll current source inverter CSI - 

( pulse width modulation ) j PWI - 

L_i^iXxd! dal Jll j AC ^Jl dlL j DC <JI AC J' dal J1I (J daV^^-dl J£ 

VVI 


Converter DC Unk Inverter 



600 0 (> J J JVn jA j DC Jl .11 jld! Jjja^l jj?- SCR J; 

inverter Jl J>^l * j. <j& Ul j DC Jl Cl ‘-a&JI j LI *-aLJI j-n n . n j VDC 
bipolar transistor , MOSFET , thyristor Jl J^l » j 6 t> 

(jj*^ .n jj j dalj J& Jj^aadl s j*>VI cJj Jj*^J microprocessor j^iou j IGBT , 

Jdafla ^)JLJI (jl L)^ J* Jta . <h>l^ AJ G—j Ja£J A^j.1 60x 6 «l^lj A-aV Six-Step ^- a -a H a J-a at - u JI jj^a l J ll I ^a 

sin Jl >«11 

dilc. jjJI J jjSI Ajaa.iL« i gj>> j switching Jl Ja*j s j* J£ die. Jill dii . ^J| ii& t-aac. 

( sin Jl CjU. jail! J£l jJjt-JI o jl j^. j^a .laj 4jtJj^il dal^j^ail ^ AjJaJI 



VUtaga 



£ jaJI SCR inverter Jl Jl j DC SCR 

drive ci^ uj^ u^ ^ j ^jiiLdl ^ lax -dl ^)t±i]| 11 a j ^jiiLdl 

AjJaJl djlc. Jjuall ^ JSI Jaa.!>\j J ^jWqMl J JaxJI 5-UjI jLuII ^ h«\\ jlc. Ljajl j 


Converter DC Link Inverter 



L 



7 




taltaga 


Qjront 


pulse width modulation 


4aja1I (Ja jfr 1 ->^'iti 


(j* j ejSjiSI j .lijill ^ sin JS' M± <^*2 siemens drives ^ ^iiiuudl <^a si* j 

4-a, 1 V 1 . noi l drives J' 


30 ,- 

Si 


VDC LI,' 



Inwrtsr 



< 3 i^Da^]| j dll *L<u3 ^Ac. (J jj^a^ il (jlc- j d^*-^ ON, OFF IGBT 

l fl*^n dilli, A£.^luJ ON , OFF ^V- AjLftXJ ^ajij ^liil j& IGBT 

SLjjUll 

^jjlj _jjU 500 ^ l 3^' “Ss^ j^j 400 ^ ON <^=j J' Jj=A; j* j 

OFF iji IGBT J\ Jj^4i GATE Jl c> (>15 VDC J' ^ ^ 
Jj » - 4 53l ,j-^> (j lAjJal -15VDC <^c- GATE Jl j 


Colactor 



Emitter 




IGBTTurned On 


On i i 


Off 


IGBTTumod Off 


IGBT On 

Progress'rvelv Longer 


IGBT On 

Progressivetv Shorter 


Jl j 1 j\ar\i A (J jx-a ^lc«l ^)jjL<3 ^jWuuJ 4Jj^]a IGBTlJ^ ^^-Axjo]| XlC- 

$. 3 ^ cs* sin. wave is^ J j jLii 11 UUI a aM J jjjUJI ^iLaiujj V Sju «^3 cjI jiiil Ja*j IGBT 

DGlB <«— 3^ L_iHjudll ^sl^JLuaJ C_i]l_jud]l 

PWM Jl£1\ ‘ 

(Jal 3 j^ eiill j a djlc.^)jud]| j ^ 3 *-^ is* eiiLjailll a j\x>c. (Jal SIN <J^ y* Cy* uj^ 





DRIVEJ' of - fSajll j»jj JJjjJI J cjjall 

DC 650 

<jjfLl J JJS dll j 3 ^Vunj (jlaiidJI dc. i l *\'Wa JJjj j dll j3 ^Ic- ’lx> <J j^^" PW]M ^ll 

j jj dil jail j (J jlal dl jjil ^ y W ^Ac- ^^dabftll dil jail j ^Jtc. .djlill (jj£j Lade- j (Jsl jldll >^1 jj 

jjjUI ^ jU3t 




Longer "On" Duration, Higher \ftjitag» 


SIEMENS Jt ^ DRIVES J» 



ENCLOSURE u&UU» 

(^sJElVIA) A ^IViV l ilia ^auu-aJ 

HGI113, 1 ^ nna\i (j-a AjLa^. 

(nema 4 )^ j£JI j jUa^VI j ^jjVI < 3* 

(nema 4X) jl^VI j 1^11 <> ajI*^ 
(nema 12 ) ci^ U JS j cjbjU£ll <> ajU^. 

0 50-0 j° 40-0 “ j' > a^. jj Jiic. 4 AAkS-lA 


feet 3300 

jjjLa 3| Aituux]) 

^gjJajVl j j eiiitalSIl La c. V^x> ja l$J Cj^bl£3! J£ 

^Liill <- > ^jjjLaII jjc> SPIKES L< * vW ‘^ j a ^ jq\l oIa jbjS <J ^lall SjLj^ ^jc. 




j DRIVE Jl j-c. t> JL Ji^ll 
ShieldJl 25MT j is&A JJS11 (50MT) MINI , MICRO, ls j— at 1» 


DRIVES Jl J jt^ JUa j 47 — »6 3 HZ ^>11 

■U^ill j (_g Jl dll jail 

Cllljill 0 ‘—‘1 'jill 

650 HZ 0 JJjflt 



AC Drive 

Output Frequency 

Frequency 

Resolution 

MICROMASTER 

0 - 400 Hz 

0.01 Hz 

MICROMASTER Vector 

0 - 650 Hz 

0.01 Hz 

MIDI MASTER Vector 

0-650 Hz [50 HP) 

0 - 200 Hz (100 HP) 

0.01 Hz 


SIEMENS J MINI ‘MICRO Jt 



Parameters 


0-650 t> j* j P202 ramp d^l cr^' ^ j#*^' c?* 

aIoISII J jj^a ijll Cja jll )1 a drive J 10 Aic. 

j cJ^lt p Jai^alU drive ^ Op J' (J^lA 3 Cp ^ ^ & 

pnMS 


4-uiLuJI ^Ic- JJaxll ^ j£ ^gJaau j (Ja*J| <jc. drive <JI cJi^C. Cj <UL^ ^ 















RAMP J1 jiijjgj (1 

j <AC.U jjjIaII dJ jill J is^ 


Fttibk 



AIN (analog input) (2 

O/q 100 0 (j - ® 

<s> ^ ^ ^ <s> 


1 

2 

3 

4 

a 

6 

7 

8 

8 

10 

11 




W 

Ptwrer Analog 
Supply Input 1 


■ ■ 

Analog 
Input 2 


digital input ( DI) -3 

il!Ld J l-loll ^Aiiau 

J i J ol^jl l ' A' J 

parameters J <> <-*' si* <=^jj fjj j 



Digital 

Inputs 


thermistor -4 



output relaA 


( ja jti\ djl jUlkVl (j^ax j j JJac. jl drive (J u' 

parameter 



HL1B RLZB 

(NC) (NO) 


serial interface -7 






R5465 

(Rot USS Prcrtocol) 


Analog 

Output 


A/N 


I 

BV 


RS485 

(For USS Protocol) 


Front Panel RS4S5 
(For USS Protocol) 


MICROMASTER MIDIMASTER \fector 

M ICROMASTER Uoctor 


current limit -8 


(jljj 3 Cy* % 200 *daC-l QA 


4 nj-ailt AS’ 4jjSj -9 


Jlc ^ jc. ^Ua.1 4j& 


fljjl 

JJjall j dll jill laa ^ 

quadrant is j'jS _ 2 

FCC -3 

‘"'Iff -d'-'" ^_9 '•'4-v'i _4 


V/F -1 



quadrant -2 


JjJtJ Lgj 3 4_llc. * S aj-j j 4 q\'d a\I ^ ^ 4 U'i 







400 — p 


£ 

3 


230 —\ 



Quadratic Urttaga/Fraqueney Mode 


Fraquancy 


FCC jbatu^fl^^-3 

micro master, mini J' ^ 

oj£l j ( (JjSj jjiil ) JP j o* uj^ 4 stator J' 

j (jiajill <. ? A joi^j drive Jl Jc- j-dl j drive lW 4 cAjLnll 



jA <c. jjoJI ^ JJaj 1*^-! j ^ jjjLdl drive Jl 


Sensorless vector control 

dc J! jjj! ^ gJc. Jjj> S.Vq* ^ A-jjJaUj AC j-dl 

^ ^)jjLdl ^Ic. j-dl djULlill ^Ic. I jl xTlC.1 <C.^)jud]| j ^ ^3*-^ J ^ 

150 ^3^ ^ Ljajl J Lg_}3 ^Jtc« ^lc« 3 j 4A±iaj]| Clitc«^)jud]| ^3 JLl^, 

^ ? 3*^ l>* % 


single - quadrant operation fcj 4-aIap 


^ ^ 1 t \ ( 1 | l_Ai^3j| ^ ^ ^ ^ ‘‘il l ^ 1 (' IjjljuiIaII— 

jj 3^ j L — ^ 4.1131 lA ax> c — ^ 

DC braking cp C^jI (-iULiU- 

‘ ««J klxaJ jjjLall dllala i_al^)Jal ( _ 5 lc. dc Clll j3 (Jli.^1 (_gl- 
‘ °°J j jjjLall (JLaa.^1 ‘ _ '!» " ( JJjjII j dll jill (JJij ) <t jjjJI (Jjliill- 

combination <& j-J' Jj& j dc braking & c^lLiU kLjla U-djl elU* j. 




T = Torque 
N -Speed 


madrant operation 


a braking resistor ( ^bjal c_iULil 4_* jtLs ) ^hVuulj jiill lie. 

A (J jj^a ^11 ^)jjLdl ^C-LaiJ LajI^ 

^ JX J J 4 j^vnl ^ja'I 4iUall J Ij^JJ j 4jI£ (Jaxj jjjLJI C ui jc. ^jjSjj <C. JjuJI <j£j Lalic. ^jS3 

drive 



T -Torque 
N = Speed 


jj dc link <3 ^ cJ jill jjjLJI yi Slle <aUa ^gixj l-aLLVI 5JIa. ^ 

drive <3 4 jL<^ j ^ 4 - 0 jtLa cJ^ 3 j 


t: ^ 



j c** ^ DC LINK (jlj (JjjLlu^VI *iic- La jtLall j (JL^jL IGBT 

l lx^aaj ^ ^jurdall £jJa ^11 SJjjlII Jno 


Convertor DC Link Invertor 




( ^1 j 1500 ) u^ 2 120 ) ut^ 1/6 c> 

k!> 

^ jit jc. - 
parameters- 
v/f <»£aj - 
4JLu LjLilkl CjLLjj - 
(JUaC-l - 

^JLxll (j-® ®/o 150 (j - ® LLa^. - 

profibus J ' £» - 

Output 

Control Term inala 

tower end Motor 
Terminals (LI not 
used on Single 
Phase Units] 


Earth Ground (PE] 

Power Arabs Digital Connection Points 

Supply Input Inputs for 0PM 






MICROMASTER DRIVE 


200V to 240V 1/3AC 
380V to 460V 3AC 



Masterdrives siemens 





c»ij jin 

IP 4jUsJ| 

NEMA2 NEMA4 NEMA4X 

IP45 IP56 IP67 

l_£_c. j i iuj«jSl IP XX 41 (Jj^^ ^ ili A 




0 

Not Protected 

1 

Protected Against Objects Greater than 50 mm 

2 

Protected Against Objects Greater than 12 mm 

3 

Protected Against Objects Greater than .2,5 mm 

4 

Protected Against Objects Greater than 1.0 mm 

5 

Protected Against Dust 

6 

Dust Tight 



0 

Not Protected 

1 

Protected Against Dripping Water 

2 

Protected Against Dripping Water when Tilted up to 15° 

3 

Protected Against Spraying Water 

4 

Protected Against Splashing Water 

5 

Protected Against Water Jets 

6 

Protected Against Heavy Seas 

7 

Protected Against the Effects of Immersion for Specific 
Time and Pressure 

S 

Protected Against Continuous Submersion Under 
Conditions Specified by the Manufacturer 


2.5mm t> jj£I <4 I & jLaJI sU* <>» ^4^. IP36 : 


NEMA1 
IP20 IP21 










Compact 

IP20 

Chassis 

IPOO. 1 P20 

Cabinet 

IP20, IP21, IP23, IP24, IP 43, 

Prepared for IP 54 

MASTERDRIVES Jl f IjSI 


MC( motion control) 
VC (vector control) 


Vector Control (VC) • 

f 25 Cy* ls* <±uu]L 4 x.^lu1I ^ . 4x.^Lullt ^ j 4 quadrant <JI ^ ^ s vl 

<Lol£]| <c.j* 4I Jljla <_14£ll t5^ ^5^11 1 jTacho jjc- (j-a 45 0 4 Jsi ‘ Tacho ‘'-LuJjj ajjIj 


(MC) Motion Control * 

-flliijV! j (Jjt iVi'ill jl ~V. ^ 1 j b^yi Cllc. Ac. ^ ^j*ci A 1 ^sCLal' djl^nlaj] SCrVO J' y& ■ —it Q J 

1.1a. Ai UJul dllSjl 


AC -AC 



DC-AC 




DC-ACVareJon 



RECTIFIER REGENERATIVE FRONT END 


Converter Ragan 



Optional 

Auto Transfbrmor 


JaxJI AJLjla 





Motoring Phase Control On 
Motoring 



T 


Motoring Phase Control Off 

Hegen 

AiLLall ^3 o^lj J^ll _]'* J I jlA j 


Current Returned to AC l_ in 
CKir Trig Regeneratror 


aSLUI c lilaill filter Harmonic sjLjII ^ j 

active front end 4jjjk 




Current Reamed to AC Line 

During Regeneration 





dv/dt ‘ sin Jt uLfaS 


(. <- > yy«} jUj ^ ja. jjdfive J JjjLdl £)# L . 

^aU. Ljajl j drive J' j jj2Ldl c . ^ j Spikes ^jja jVI j cj5U£JI 

o^lxx^all ^)Jj| j-dl 


300 mt t> J'^Li jauj filter dv/dt ^V; 

sinwave filter L^' j 





208 V to 230V 

SSBVtoSKV 

and 

300V to 500V 





Note: A sinnvave fitter will inpiuw the current waveform but reduces RM5 voltage by 20%. 


Refer to Sfemene VC product catalog #DRMS-Q2051 or confect o Siemens 


sales representative Ibr assistance on lengths greater than 3Q0m. 


20% m cJlij j c>^ 










OP 1 5 cp <4*-^ j DRIVE Jt jj 

(PMU) PARAMETER ^ j 

CU Jc. c_il >i 

SERIAL INTERFACE JL-fl JJS 
Parameter J' 









Electronic box 


jbikl j t al'a AH j (Jj» uYill (Jj‘ ^ jj 4_ilc. ^ y^.jja ^ inj'i^V I Cli^)lS]l 

encoder , thermostor ajUsJI <-al jial ajUsJI i_il jLl (_pa*j j JL-aj'il ^ : CUVC 


drive J 



Audibly BttwiManil HflfciJkipJi SnWbi1ir1»0 W him Analog kqxitl AnrioglnputZ Analog Analog 

pauwafipty d^talbpA Rl=um JSB{RB4te) wta ga frwi-ltoatra) [nai-flortig] output 1 output 2 

130 mA andou^urk P1W/N1GV 

kul^OmA l2fimA 








(jLjajl J dlliA- 

pic J' £* profibus J“ 


input &OUtpUt ^jaljJal CljjS (jlaJI (>- 


Tacho & encoders J> 



cuvc 


Control Board 



CUVC 


Control Board 




<3^11 j (Jj.at-uull (JlfLal dlt qjjJVllI ^j.o» j\ 1 <L<uu^aua dj (jiaxJ 











Parameter & Function Blocks 


j £J^)x*uil j ja o^C- (Jja r - u Li 


(j-al jjllt (Jj*juij 1I S.llc.1 j ( _ s £jjLa jjVI (Jj».uuII ^ -<^'1 


Parameters 

function parameter -1 

visualization-^ U Ija -2 
j Bico -3 


1- function parameter 


PUS PUS 



%100 0 (> JJj'-al! <£ J-1 s±ij 

P462=30 ^ 
P463=0 

( J j ■ ^fllt A£.jjoi 1] ( _ s l^ <U31 j 30 dj3j jjjLall (jl (_jl 

2-visualization parameter 


R002 

(. - - ^ ■ ajA\ dj] jill 








us* (PI ) proportional integral *4^ *4^ 1^«j <*-« parameters ^ 

PI (JllLa 


n-Reg. Gain n-Rog.Tlme 

0.0 .. . 200.0 0 ... 1000 ms CU9B3.14-2) 



Function parameters 


Parameter Name— >n-Refl. Gain 
Value Range — > 0.0 ... 20KMI 
Parameter Number — > P235.F (1*K— Factory Setting 

T 

Parameter 

Indn 


INDEX & data set 


< a cAiuk; j»ja sjc. <_$ jk j! parameter J' <> c> 

P462.1 = 0.50 
P462.2 = 1.00 
P462.3 = 3.00 
P462.4 = B.OO 


data set ( 1-4) J' 

J ^ UJ ^ 3 





PI controller 


drive ^ ^ ^ -\ ^ 

A jjjjLaJI 4£.^)jud]| j 4x-^)jud]| d L^'v'utl- 

PI J! Jl j deviation J' J I g dax j ^ d!>UdJI cilis ^ jlaj 

UL^J j deviation l)I 4_*j 3 Jl jjiiLJI <c. jjoj ^ JJaii SjL j c _ nx^ UL^J 

A UVi jl jjjUJI 4x. jjuj .lijjj] ^-tid dtlnkill 

n-Rog. Gain n-Reg.Tima 
0.0 ..200.0 0... 1000 ms 



P oscillation j overshoot J' 

J da jll JJii 


CONNECTOR & BINECTORS 

16 bit — 32 bit <> C=uUll analog Jl Connector 

ciiUUxl] digital e-lkt'i Binectors 



n-Reg. Gain n-Reg.TVn© 

0.0 ...200.0 0.. .1000 ms OJ953.14 = 2) 

P235.F 11.0) P240.F (100] 



^Blnctor 


Bico parameter 

function block 2 Connectors , Bienctors 

t> ^4 j destination 441 is ^21 jUdl j jbikl fh Bico Parameter <j jj!=> u& j 

function blocks J' softwire 


A »■» A t aM U* j ^ V- J. . 


Function BlockA Function Block B 






! Pxxx.B 


i IK**** > ! — 

— 1 » 


■ 

! ■ 

1 



cjiiukiil 

«*♦ 


Applications 


<c. jjuJI . ^*JL Sj^SlI Aiij*-* drive ^ ^jc. Aj| 




t "¥ 

T - Constant 

T«N 

T*N 2 

HP - Constant 

HP*N 

HP* N 2 

HP* N 3 

■ 


■ 


■ 


■ 

1 .;£«[ 




y 

y 

HP/ 

y 

y 

y 

y 

/ 


V/ 

>/✓ HP 
y> 




N 


N 


N 


N 

Winders 

Pacing lathes 

Rotary cutting 
machines 

Hoisting gear 

Belt conveyors 
Process machines 
involving forming 
Rolling mills 

Planers 

Calenders with 
viscous friction 
Eddycurrent 

brakes 

Pumps 

Fans 

Centrifuges 


JL^VI 


t A -all (JHaI <c.^jjudll SjIj 3 (Jaj -\ 

A£.^)jua]| Jjjj ^3*3. djl^jJaAll (Jllxil l^iillxa ^3^ “2 

^)jJjoi 1I j £3^)11 (JHaI djlc.^)judll (Jl ^3a dijt!i]| ^»3*-^ ”3 

Cjj1u]| gjxjl CjUjjJVi 


djlc.^)jud]| (_£.Xo 3 dulii L_J ^3*"^ u' L5^*^ 

dijlij uj"^ u' ^ dijlij fj*l\ ^jl ^ \* a 






















Conveyor Velocity (FPM) x G 
Motor RPM = _ „ / Diameter in Inches \ 

( 12 ) 

4:1 pully 18 rpm 750 jJI jl 


750x4 

Motor RPM = 3 b i 4 x(J|.) 

Motor RPM = 638 RPM 


4 qV'^ /\ Cljlc. JjoU 

AA 

h - *i— d - 

AA 

=\_C- Xt (Jjx 

AAj 

k k J L. 

juoj LxJajl 

a ; 

J ^ 

rives J' 

l A L 

1 ^ 

1 

\ 

WMMSwiMMmmsMfflmmmiB 

[ 

AC Drive 


ACDrlw 

-f 

— f Motor 


HP = 


TeXV 

33,000 


Te 




V JjuJI 

LjJjojLiiS Te 


(JJJ 

jaJI J ^Ja 

jjjuJI j qi* 

pulley j jj2LdI j jjjuJI ? 3* (_]£l <Lg jtLJ! 

(J^^. AiLjal AiO 6 jB 

Zero dc. tdlij jjjUJI j^-a drive 3^ j 3*^ ^3*3 1.5 uj^ ^ ^ ^3*11 

a UK\I JL^3M da j ^ <c* jjoJI *db3J drive j jjSL* 33^ 3*^j j 



, IW , O JJ^ J <C. Jjudll JJ *dl_J j 

^ j5ll j dl jill <jjoij dulij ^3*3 3*-?^ ^ Drive 

3j dij ^3*-^ 3^} ^ 3&V1 d Jill .Vic. <j£J j dbiL ^3*-^ ^^3 J Iw jLuJI ^3> < <c. jjoJl *dbj 




t Lr fr 




( \<#\ZlA\ i (JjLudll <Jjau3U HP Jl G-lLol^ 

4x>^)judll j ]aat jJall j (jlfLall AjujaIIIj ^jjilLaaj jaat jJall L-jLud^ 

( Gallons x u j_4') x dw^j jjj djji = Jjlxll HP 

8.34 Af'j uj_4' 

^ hp ^ ©1 x 41 ^Lxa ^)I4 Lg ©4jy *^ c ' 

Mechanical HP = HP liquid / pump efficiency 
Electrical HP = Mechanical HP / motor efficiency 


Sjjfrlt t Aj. jx4l > ^jxil 





100% 


I 


50% 


T = kOlW 

T»N 2 



un Tx R PM 

5250 

HP.N 3 


60% 100% 

SpMd 


NS = 


120F 


.ibjj SjL j Aic.- 

<C.jjudll ^Ic- bLuC-l ^jdll J Clll jill (JC. (jJadill Drive 3 ^ <— S 


B ^ i l£A3j j ^ s3_j j ^ jLii jj t — ^ j^ - 

^b3^ t — ^ 3^^*^ HP o^3 <>. \u*ij Jb3j 

L_J jIIxaII f 3 *]| ^jC. (J^aJl ^ jc- jhjj ciibl j C_Jj 11 xa 1 I (jJaislI pi la C. I P)riVG 3 ^ lall x jjJ V ^Ixll 3 ^” 

Iiri Flow x Pressure 
HP ” 6356 X Fan Efficiency 


AajllSl djjill CjHj3aj 




31^1 ^>laa]| L. _aj^aj jjsu Juc. <!Llj 0 j3 Jl 




Surface Speed {FPM} = 2 k x Radius x Speed (RPM) 
Torque = Force x Radius 
HP = Torque x Speed 


l (J (JA AjV J drive ^>2aa]| c. <ix«Vl (Jij Ld^jc. 

t. 0 t \ C-J^ 1*^ i n\ l 

4jj\j j (Jflj ^3*-^ ^5 


Hadlus 



Surface Speed (FPM) = 2n x Radius x 2 x Speed (RPM) 

2 

Torque = Force x Radius 

2 

HP = Torque x Speed 
2 


\ 1 ^ _1sj ^ 1*^q\ | 


SJAxIaII ^)jj| ja]I djWiilaJ 


^.1 j Drive ^j£.aa]| 







^Vllt ^)j|jJ -1 



fiAA j ( U j\^ix>\l C. (J jj^a^ll bM* a 6^)jii£ ^LlujI q\ *1^1 j (jC- <j| ^ VllLj J ijj^aLa]! 

4_LoC« <UL^}Ja j 4 jIj 4-1 Lg_La (_]£ j j (Jj3 ^ ^ ^ (J-axj ^LlujVI 

J ^jjLoll (JjxjulJ (JUlg 4r-l u^\i ^3 A^un'i Jl££.| dllAnlaj cilljA (j^ j 6_jljl ^IjLg jA (JllLa lajudjl 

UjJj jl U^JjUi Jj j! A \)* x\Tl j <JC. JJUJ ^ J <C&^p. 



jl (J^lsJI (J^^J qjAj (J-oju (_£^ (J-i»-uull jA 
U3I (jjfL ^ ij3ll ^ (J-i»-^oII l^j J^lxSl ^ajL 



(JiLd (_^l (_}a»JI IaaI ^jLudjV ^ll^j (Jj»-uull jA 

(J jar /uM\ ^ic. JaxjJall 

( ^Vill ljU jLa 



j 6 J£^.l j j (j!)bj]l jaII j ^-^jLiJI L_fl2/lx]| ja AjI.1j jjI jAj A laJJ ja]1 dAj j*sa\I (J£ ^A 

(Jac. 4 jqj^ ^3 ^lc« ddlxj CjU j^a\I fi jiA jl j'i^I j (L jlj3 jl ) S^L j L>^ ^ AjIa^ j jLn]| CjLia] 

A jjlIaAli A_i1a*JI 


4-uj$£3t j>aj]| 



IajL ^A j (jlxA jl ^ jliu jL.ua] I jl ^Ic. (Jdil jjaj <^A ; CLi£Ijj j£JI 

Normally close ) ji ( Normally open ) J' 

'l^LiXjuul jL -v \ ^ll^J AJju1a2/L]| Lq i\i diL J JjlxA 


NO NO 



Cantacts are shown opposite 

of their normal state (NO). 


^jj^£jj l <i\a\I jiaJjsu die. j 4_^. jULa SjjI^II jj^J ^Lj^£ll ^ jjLJI dj^llj j£JI jiajjsu (Jj3 Aj^LlSI aIL^JI 

^(J 13T dMl £jJaj j AsIxa] (J Ijrdii ^Lj^il] 


Normally close ( NC ) 




\\f/ 




Contacts are shewn opposite 

of their normal state (NC). 


jllLo ^ (J jVn j l q\,a\l (J-iar-Jij jl *lic« j (J-oju ^ 4iix-o ^ (jjfL £jJa L5^ 


(Switches ) 


jb j > .;H jl o J I ^ I jl ^lajjVI _cl JaiuJall UUa.1 J bAjl$j]l ^ A a >-v*i . .1 a ^A j b_La Jj^eJI 


Normally Closed 

Switch 



Normally Open 

Switch 



NQ (JliLa 


\\ // 



Switch is shown opposite 

of Its normal state (NO]. 
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COILS 

J^lc. j Loa!>1£ j jjjSIjj j£1I j ^ s-1 jjuj CjliLall 



M 


Cfl 

_L 

T 

— @— 

T 

-®- 

Coil 

Associated 

Contacts 

Coil 

Associated 

Contacts 


M j£l j*U CR tAu 11 


NO <Jajuj| ^JjjLoll (J.l*-uill Jjj£Uj L Jl5* 




J 1 ^ 


^ (j-o AjLa^J » (JlLo 

OVERLOAD RELAY 


Thermal 

Overload 



Jj* ka\W A mail CjUaIII j-aj 


~&r -®r 


Red 

Pilot Light 


\. 

A] 

/' 

Amber 

Pilot Light 


(jc. O^JXaII LajS J 


Disconnect 

Circuit 

Interrupter 

Circuit Breaker 
W/Thermal O.L. 

Circuit Breaker 
W/Magnetic O.L. 

Circuit Breaker 
W/Thermal and 
Magnetic O.L. 

Mil 1 1 


Normally 

Open 

Normally 

Closed 

/-/-/ 

>-)') 

% 

% 

$ 



Held 

Closed 

Held 

Open 

°^7° 



Foot Switches 

Pressure & Vacuum Switches 



Anti-Plug 

NO 

NC 

NO 

NC 

NO 

F 

*-i-* 

i 

i 

F 

■'•'K 

*+* 

\ 

°^T° 

R 

F 

i 

i 


T 

>■ 

o ^ | ~—-Q 

>’ 

NC 

Liquid Level Switches 

Flew Switches 

(Air, Water, ...) 

O — ■ l-Q 



"X” 



R 













r Switches 


2 Position 
, K 


3 Roertion 
J K L 


2 Position Selector Pushbutton 
A \ B V ~ 1 555cSFPo5Bon 


A1 JK 

— ° A1 [aT 2L_ i. 

□ A2D □ 

X ■ Contact Clued 


°A1nffx W 
oA2 W Ix | 3o 

X- Contact Closed 





Indicate Color by Letter 
Non PUsh-to-Test 
Push-to-Te$t 


Pushbuttons 


Momentary Contact 



Maintained Contact 

Two Single 
Circuits 

One Double 
Circuit 

, o 1 o 

•4-. j 

! — "TV 

rt 1 ft 

t , 
o 1 ° 1 

■sx 



Instant Operating 

With Blowout I Without Blowout 


NO NC NO NC 


Timed Contacts - Contact Action 
Retarded After Coil Is: 


I Thermal I Magnetic 




Comm, or 
Compens. Held 

m 

(Shew 2 
Loops) 


Fuas 








































Supplementary Contact Symbols I Tunis 


SPST 

SPDT 

DPST 

DPDT 

NO 

NC 


Symbols For 

Static Switching Control Devices 


Static switching control is a method 
of switching electrical circuits 
without the use of contacts. 

Primarily by solid-state devices. Use 
the symbols shown in the table 
on the previous page except 
enclosed in a diamond. 

Examples: 

Input -Coif Output Limit Switch 
(NO) (NO) 

^ji>- 




Single-Pole Single-Throw 
Single-POIe Double-Throw 
Double-Pole Single-Throw 
Double-Pole Double-Throw 
Normally Open 
Normally Closed 














LINE DIAGRAM 



Control Power Not Connected 

Wk'hg Wiring Connected 


^a.~iC. AjC- j (Jj - A-Laij ^jl^a Aj£- A 1 A_Laij AjC- j (Jjilll j Ja^JI 

A 1 ■ " a uc / j o^j lAA o 



PHYSICAL yiiaJl d*— All 



Pushbutton 


Pilot 

Lftflt 










jLiaII (JiLa *&<)\\ (JL<^.I j Jj<s xWi\I ^jjlLd (JliLdl ^Vi 









Jljlill ^gJc. JL^VI cJ^ 3 ^ 



jl j2ll ^gJc. jSlI s ^.^.1 J ^- 3 




Overload protection SjLJ AjUa 


) <J j ^ a 4_^p jbjj ^)Lol! ^Liill 1 x>K j <La jlLall 4 >jVi 6^)1^)^ 4_^p *iljj cJj^ 3 ^jldill (jL^joi 

6^_^J ^d^Jjud j L^-llC' ^Lilll (j-d ^ d2/ljl£]| ^JjtxJ dildlj^ 4_1J^)££J| 6^^' VI ^y*Si Sjlj^ 

^adsu ^ajolj S^_^.V1 ad& q\ j^$\ ^ \ g )\c- ^)Ld]| (j-d 4 _ij^)^£J| S^_^.V1 \ k>>jI j djVbl£il 4 j1 a~\\ 4jL<^JI 

^ dAj fid& ^Ic. ^jl^) ^jljj 



\ \ \ \ \ 


& © ® ©©<3 
<=> cp c-> © ^1 ( 

© © © © S© 


Jqrmal Cumont Florw 






M } M M M 



Ekoo3S*vo Current Flaw 



Short circuit »jj'^ jL^ii.1 jt cjj^ 



C_£lVl ^)Lnll (Jj^-aJ dildl J Q ^Jl 4_xi jULall (J J 4.SUJI SdA d (JjL-a ^aII (jjS^Jal (jjA-aVlj dj jd^. die. 

djl jjj-gVI 


1-240 

24 

I = 10 amps 

24 m ohm J' J V j^' Short circuit m ^ j 

■ 240 

0.24 

I = 10,000 amps 

4_Lq 4_jU^JI (j-a djV dllll j 4 _ij^)^£JI S^_^.V1 ^)L<d ^Jl ^jjoj Jlxll ^)l_nll Idb 




SjLJ uijjla 


10 c . ^ ndj J ^ \}* 'Q (jLft^.1 (J*.iudJ ^)jjLall Ld^jc. ^LlA (_^l 

20 L . ^ xjjj L_a jjoj Lgiiij (JLa^.VI j ^jc. # jjj-gI 

2 )^ tnj L_fl^jai cii] j ^lc« ~^1 ^<^ 3 uil 131 j ^n-al 30 jl _j ^®1 
<jjL<^. 2 )-® <ill 31 j jjiiUJl 



(Jj^-uoll AjIAj ^.Ljjl \ jfci'vl (J^*vll ojljJ) 



Tine In Seconds 

L_J ju> 1 a ]1 jLiill ‘-Aj* 6 c^l %600 <J^£l! ^ jLull 11 a < t ^ ■ "1 4 a a l a LajIj ^jjjI ^a ]1 

J*l£]i 

t>- A^i*j CijSl 11a j ^jljl 8 2 (j-a Lujaj <J^t£ll Ja^JI jUj Jl L_J j^-juaa 11 jLilll JJ* >/i <jj5Ll Cll3 jll 

<j (Jj^ j-oll (Jx>^\l j ^)jjLa!1 i>/T\ 


J^aJI i Jbj AjLa^ 



Normal Current Overload Current 




jl jl 4 _ij^)^£J| ^y\ j^lll AjI a^\ (jba^Vuuj djl^j^ill j ^y\ j^ll (Jj^al j3 

6 jjWI J^j s jjI^II J^a jl ^ jk Short circuit 

1 g nl da jll (jjoij 


Cj 5JIa ^ 


Overload relay 

L_J S^A ^ j£j 

jjjUJI (Jjxjuii i^j ^usi jtiili ^-Uujdii -t 

(Jx>^ \\ Cj aJL^ SjjWI -2 

L_flj^)Ja L-Aa^ *1*j (Jjj^a jlL -3 


Trip class 

C1 jI^)jIjla 1I SlA ^1 j L_fl jjoj d £ ^11 ^jJa jll S^A 


Class 10, 20,30 

600 % j' jddl c> ^y> 10 '**-* jj^l Class 10 

(J^aJI j)V±i i^a 



dldjJaxJI Jliftl ( Jlc. ^lill jjj^alll ) Jlc. jU Jjjl_^llciass 30 




jjjIjaJI >Ijj over load relay Jt 


Motor Starter Contacts 



(J‘ a&i j Igj j is^lj j Cllj^. Ajc. 


(bimetal overload) AaSjxaII AjjUiSi J^aJt a.%j ^ua S J$aI 




Ovarind Condition 


Notmal Cimnt How 




(J‘ -^ Q _' ^jaa^Li] (Jaaj j ^j^xaII c - jU' ■ ’j o j I j"*- ^ I 0 -jIj j Ajc. 

(_£_)^l o^>a SjjWI ^_jxj ^.Ixa!! .IjJJ .lie. 

^_ll Laa (_)aaj J lja& jjJ^aII (J‘ a ' ^ ^_i^. ]a^4j> xa J)L^_^. f' 1 ' AjV 



Siemens overload 
SIRIUS 3RU11 

Ja*j (jl (jIaaII <>> J CLASS 10 is^- f^“aA jA J (ji-uy <_£jlj^ * .IxjJ (BIMETAL) L^l' jA 

c UiA ^JLa UxjI ju jIIxaI! jU3I 1*- u^aaII o- L-jI j MANUAL jAUTOMATIC RESET 
OVERLOAD Jl *IL* J* WjU NC &NO SJeL- LUi ^ U^jI j jU^iU 






JaaJI SjLJ ijjjjlSJVI Sj^VI 


Jlia tilliA (j l£ lil ^)l»-uLlullj ^ jflj 1 v>ljl J tilli 4-jl \\ 4 AAk^lA J D^)l^)^Jl 4_^.^p S^L^] V 

(Jx-afij ^ jfiii UbAjc- j dj I jUll Ja.1 ^ 

SIEMENS 3 RBI 2 



(jUj iIjIia] liiliA J (Jjl jlall ^Ualil ^Jc- J ( _ s ^JajVI <-_ljJC. £y» AjLaaJU 4jli (_5^)V^I j.~~lljU»ll Jl AiLiaVlj Liajl 

CLASS 5 & 10 &15 lU*^ C^jI j READY &GRAND FAULT & OVERLOAD 6- JSS 

&20 &25 &30 

OVERLOAD J uW Aal^lAUXALIRY ^SU- L^l ^ ^ j 


(Jl (jc. dlLo_jl*-a]l lajjJa j jail tiilj j PROFI BUS (Jl ^ < ^. 1,l ‘ l ' j \i 1 J .l^jJ 

PLC 




AujjLuuIl ASjjJalj 

s-UjI l x ^ajl j (Jjxjulill j tilU& (jjfL (jl 

(J jJ ^g-AuiJ CjSIjj < c - ^gJc. ^jl^j Jjijujjll £_£^Lj J£ j 




Switch In “OFF" Position 


Switch In "ON" Position 


jli 2 j' Jjj 2 jjj'-att i $* W 





Starter h "Off 1 Portion 


Starter In "OH* Portion 


AjIa^JI Sj$aI 

<C-1 lakjl jl (j>»UVil (j-a AjLa^II S^_^.V1 } cilliA 

1 ^ (JSI (J&\ lU^ fijlij ^ L^aj) ajL*^ j on /off <j^xj siemens j^> 


<L^aiio Jac. (j-<i ^jV j overload ^ o^*-} L^aj! ^Ua 



Three P ole Manual Swit ch 


JUil jlull ^j-a till j ^XJ jjj j 



3RVW1 with ScrewTennlikfll 3HVW1 with Cap* Clamp 


<_>*&*. J drum ts^-y j'-s-?- 





jjjSUj j IxJ q Z> J (Jj» kl\\\\ c'*ll qjjWi\l 


i j£3 j A-ujjLujVI JjLulHI ASjjL 


lie. jjuoiaUx* ^IpaJl <. jVqll J jVn^ lliuJl ^Ic- (jjjfl JjJJ LalJC. L_il3 J llLuj L_al <JC. 

^ 1 ^Jjoia]| IIiaII jA lib j <jl£ (_|a! ^ <Ul^l 

















motor starter ^ j JW i> l£ ^ 

^Ic- SA j-g NC Alafij # c. Vil In ^]| ^j>>* j\ c^lE j Ajlx^aJI J aA j-all (_£^ 0 ^ Q^** } A^jJ 

(J^Jj (J^aJI Cj jA^. Sc. du^ OL S^jIa ^Jl jlill SaE^} (j-a AjI 

(J-osu ^)jj£tlj j£ll A j-all c q\,a\\ aJjuj^aII S^)LuN 1 (Jj^aflj A_^. jiii-d A JoVil 

AjIaj Sc. i : * n^j jjli£tlj j£ll ^ c NO ^Jakj A^ jj Ljajl j 
]VIj\ ej 19 ^11 (Jl^la JaxjJall (jjAj cJaxj 6^)jIa]| 


(JJsLil (J-l*.uLlII (J jhC. qS ^XJjoLJ j S^)jIa]| (3i»j aAaC. 



jjjUI! ^ Jb SjjIju» 


^a^kj (J jljL^. tA]lA& j (J 1» xuMl AjIAj ^3 ( 


IEC , NEMA Jl^l a-*^' ^ 

J jui^I ^)l_ii]| J (J-at^ll (J-a^Jl ^)Ijj l . Ul '^ LgJ^jtx-a 

(J^axll Ja j u>n\\l jlj^-v' (Jjg kk{\\ ^jj* n«o^\l 1 g \a* j 


SjAjlLo CjI& j-uu jUH | 


Synchronous Speed in RPM = 


1 20 x Frequency 
Number of Roles 


^jjLal! ~ j a x «aj SLIP (J^ l3J^ (J^ A iihiLaJl Ax.^)judll (j^ J ^jauJaljiLAll (JL^-aII Kc. ^ jui ^gA A_j^joi^-a 1I Ax-^jjaill 
(jjfLa LaAjc- j 1800 Ajc.^)juj <jj£j PLZ 60 AA^jIill J JjJ 4 ^)jjLg 2 >tiL<a A x>jq\l aAA A Wj (_£A]| ^A (Jj^a j-all j 

c q* jJall Alic.^)jaj (J^j 2 




jIjaH Jjl a 

(J ■ a '' ^ (Jj 1 1 



Speed - 


Low Speed: Oose 1, 2, 3 
Open 4, E, B 
High Speed: Close 4, 5, 6 
Open 1. 2. 3 


T13 

120 x Frequency ^ 

Number of FUbb 


^ ) JjJl .I'c ^_9 ‘ ‘ a ^^- j (Jj 1 j"' JS j ^ jjjLaII ^ 1a ' *> (J^~ ^ j"' *41 iA C)J& 

( j ^gjLo]| ^a.1 jll jli]l Jl^.1 jj 

(J&l (J , 3 . 1 c. L^_i 3 i^JjS -1 Ajij^luII Ac^mil ^jj£I Jj» 2 I -. S |C- L^j 3 A liJajII Ac^)a2l 

j 5 j 4 (3^ ajIUlSI Ac. jjaJI ^ j 6 j 5 j4 j 3 j2 jl jjj£bjj£ (jl*j a Llall ac^juiII jL (J liall li& ^ 

3 j 2 j 1 j 6 


l_aL41 Ac^a4I ~j ■ ‘A* ^aJJ tab ^ (JJjia (jC 1 J .l^lj C_fiLa (j^a ^jjLa Ljajl “2 


yYYY> fYYY\. yVYY>y"Y"YYY 

T T T One ^ n™ T 


Ore North Pete 


Ore 

South 

Pole 


One 

North 

Rile 


(Jj jla bJU& AcjaJl jLllk v i 

A j^Ua^all Ac^)a2l jLirkLi ^ aij ^aJ ^ o jlia-41 Ac^uall Ajc (J-a*Jl ^jjjLall I^jj j ^ j Lilia! - ] 

tlllc. Jittll jUij ^aJ Ajjjajll AcjjuiL I^JJ -2 

LfLjjLa Jjl LpcL^aJ jbjj ^aJ A jjjaall < Iajj -3 


A£ >*41 


Ala^a j^JI dll jla (j^i L^l (Jji£c CJA ^^ 3 (j 1 " J !/l£ (_g& Jja 4 JjjLall ^HaJ Will ^ jjj£]| 

^jjjLall JUJU j jSljll ^gjauJaLiaca]! (JL^-ail a£^)^ ^jj jjjLali 






£a Ia£j AjuLuoII j-oll A j i\cb> I 

^ j ULi^.1 j lW-^ 3a^JI jUj 3* % 600 L ? ,jv 1 11 j 4jli 4 -jIa 2I Ale. iL*l£ ^-^Jl (jja c.llac.1 Ale. 

^Ia^jjujI c jUVn La* j jj o3$^l C5^ j SjUVl ^ <ju1c. j Jl jj AS I^jjIaj Ale. jjj! ja 11 

<j!aJI ^ ^\1 (jj3 JJalil 


(Ja^JI ^3^ c> %200 3 % 175 ^Lal£ ^ (JJ3 (Jjj^a jJ Ale. a! jSaII ^3*3 u' l£3^ ^ ^ a Ljajl 

A c-13^ 1 '^ A-jl a*\\ U^C.1 ks%\ Ail^y ^3*"^ 1 ^)jJjoi]| (3-^ djlAnJallll (j> 1 * J till3 j (3<A£i! 



% Synchronous Speed 



Rotor 

Speed 




Sjlj j jl jLiill SjU j ^ dJC. ^^Jjaili S^A 

j jLiil 1 Uiajl JL dJ jill Jdki die. 


dJ jj]| JaHH ^gdjjU jjI - 1 



LI 

l_2 

L3 


3 jl j7j6j5 j4j 2 <il*j d£Ujj£ll Jjxj&II AjIdJl 

4 j3 jl c3^ j 7 j6 j5 j2 ^ d*2dll 

CjUIaJI <j-a f jAi Jo^a jj -2 


a 



6 j5 j4 j3 j2 jl c3^ ^ j 6 j 5 j4 j3 j2jl c3^ ^ ^4^ 

JaC .1 jjJall j j r- j djl^jJaAll ^Sl\ ja (JlfLal 



star - delta -3 


0^)3 jJa Alioiil (J£ j 3^131 (jA 3 *^^a ^)JC< StatOr 3' ' 3^ ^ A L)J& ^a11 

a^jLW sjiA jSl j 2J£ jLullj 3 a*j delta 31 3 ^^ j3l Aic. j 33VI jLiill jjjIaII 1 — ia-> "j star 3^-^ j3l .lie. 

t ~~ ^ JaC-l^jJail tillj 31 ^a1 J 3^1^11 U -0 33 4jI.1j f je ^nau 

9j8j7 ^ j6j5 j4j3j2j 1 31c- ^ 3 j*33I <3-4 -4c. 
6j5j4 j9j8j7j3j2j 1 3k 3 - 34 J j» "3 1 •4a j 



lb Start Ctoe 1, 2, 3, A, 6, 6 
Open 7 8. 9 


To Run: Open 4 , 6,6 
Close 7 , B, 9 


3aI£ 1I e3^3l (jA %80 3 %70 eiii ^31 33^‘v ^ ^Ic- ^ajILo 3j l ^~* 34 AiL^Ja 

^jjj» 31 3^4 aI 

r 3 £ (_ 3 lc. 3 j» ■*‘<'1 j r ^ 2 a j s 3 ^ 3 ^°jj ajI-ijII 



To Run: dose all R Contacts 








HP 1000 HP 25 t> SOFTSTARTER ^ £^4 siemens f 




Thr u Phu t MwMt for Motor* up to: 


25HP 8 200V 
30HP 8 230V 
«HP@460V 
7EHP ® E7EV 



% 57 t* ja j DELTAji^l t- SIKOSTART Jt ^1 u>i> I J\ ji ^ L^l <> 

JSI SIKOSTART J&>\ lU^I JA\ t> 



^jIjj 4Jli <ULaJI 6 1 a j DELTA 4-E^a ^Ic. jj ^j£.aa]| j 




Pilot devices 


'A \l (j> i* j ^jJa jJ jl ^ jUaC-Ljall ^ (JlfLal l** )\ )\a* \1 (_>axJ lUVl 

/jLnll C1 jLl<J (Jlxi 


Bifurcated contacts 


diSljj j£J! j JjJjujj i>5 Sl jLiill CjljLaui j jSlI £<-ii^> (jjSli ^1 d£Uj j£ll 



Bifurcated Contact 
Four Paths of Curmnt Flow 


( push buttons ) ALfrl^ait gujli^l - i 


^A JJjAA 4 _jujI J J 


j ^ la^J Jax >>> Lfr-La *1 ^.jJ J Cl l£llj j J^isu ^ jSJ 

A \a\ \ 




(NO ) PUSHBUTTONS 



^Vi'l Sjjlj Jl (Jjj^a Jjll j dl£Uj j£Jl Jasjjall ^JC- j NO (jj£j 





NC PUSH BUTTON 



jjI jJ ^ gjjlLJI SAa 

c 1 ^ PUSHBUTTON NO 
^\hy\ C UL. PUSHBUTTON NC 


iifctuul Cj^Ij Ai&uiljJ ^Vi 
L_J (J^au (J]aJ (Jjjr-uuli ^-tSLa (jc. *lAl £3^) <_£ I 

Jplc-I AJ (j! ^au JjjSUj jSII ^gJc. S^C-LlUaII A bft\W MA 

^IjLq ^Ao AaxjJall ^jj jl ^Al (J^au (JJaJ 

jUll ^iLfcl j\ STOP 




tg£.^2k.^) J ^Uakjl a!c> 

2/llLa SLixAl A ^.l at a <." \\ ^3 j 

Cj j! ^Uakjl Aic. lLl/Hj U^j 

(J )* xuMl ^Ac« l~x* jJall (J J* S^tcA *lN OL 





SELECTOR SWITCH 


jju-i a * 1^1 jJJ jl j^o j UjAj dl£llj (jlc. J Ljajl 

^ULaj — 3 < 1 uj jjaij -2 ajjIS- 1 




22 mm Dramvtttf 


^ (Jj*juIi]| jj! j-o S^.1 j jLii^l Wu^'i j 4 j3 j2 *1^1 jiij j 

^£jjUjjI J <_ 5 j. 1 i ^Jsli J £Jj^i jLui J l_a liill J ; JUJ 

(jjj jj|J jjj jblkl jl ( Jj-^a jj tiliuu 2 ) JjLiult ASjjJa] Jlla 

PL1, PL2 Jl 0^j2ll 


x 


Contacts 


@ 


O 


o 


Position 

A 

B 

i 

X_ 


2 


x" 


Z Position 

Sb lector Swtttii 


^Uial] (JjAjLuHlI .S' 'y 
(jlx ‘ d ^Lii* 

2 POSITION SELECTO SWITCH 


3 - POSITION SELECTOR SWITCH £UajVI C 1 ^ 

© 


'S * U jLiiil .j^ju'L*j 

i i ii ’■'ii K 


OL 


H 

V9l O 




Contacts 


ftnitian 

A 

B 

1 

X 


2 



3 


Y 


3 Fbsition 

Selector Switch 


Liquid Level 

/~LiLa ^Ic. JaiuJall (J jJjSI £jJaj jLiikl ^jj j Jl £jJa ^3 (Jji-Jul ^jLoill J122I ^3 

o^)jWI <— S 3 j 2 j OFF £j-i=J jLiik! .lie. J Jj* 





Jl UfLiiLa jjl JaxSI J Ja. c . Uul la <JjLuJI <_£ jl j-a ^Lll ^aJJ JLjLg jJ jVI £jJa jll jLiikl ^JC- j 

OFF J±lkl ^JJ jl jdx-a {_$ jJjuaaI (JjLoiII (Jj^aJ jl 


PILOT LIGHT uj^l^j 


Jlj^VI jl ALARMS *tla^l <Ljj^ jl ON \OFF clA^z. ^-LjajV Wi 
j^VI JH*I jl jlL ^Ij2 j WARNNING j^JI jl CHANGING CONDITIONS 

L_fllijua]| j (J J (JJjVI _j VI j 

L_a3 jlLa 4_j| j^^l J (J-GJtJ 4_il£La]| jl I Al \ ^ ^jJajJ ^a^.1 



( ^Vilt ji IjJ J CjUaIII ^LVu*4 



^IG >*^R 






J MA^' J 4_1a 11I (JJaJ l^lll^l (jlaxJ ^glla. J (J-l»-uLill ^-IjLo ^Ic. JaiuJall ^jc. 

$.|^)jJaaJI 4_ia1]' (JjL-a ijJ j 4jaix-a c a3 ^lill Aic. NC ^£11 L>^ NIB AJaaj ^IJl^JjojI 

4_1a 11I ^ilajj j 4_a. j!iLa ^Jj^aJ NIB (J^ (J-l*.uilIl ^t!iL<4 ^gAc. AaxjJall j (J-axj V jjjUJI <jl ^gic- J^Ii3 

J J (JjXjall]| ^U>l jli] J J-^C. oJ J- aII (jLiill (J^1» J 1 v«Ojl *l^jJ 



CWD43 (70 mm) 8WD42 (50 mm) 




(JSI ullc. J (J-oxJ ^_g£i ^)JC. ^ViBj <jb^aLaJl 4 _ij^)^£JI ^y\ j^ll *1}^)J ULl^.1 

(_j^xii 1 u < a l ** ^-v aI i (^iij ^iA^jjaLi3 






c_)Lia 1]| jl ji l " A iLftll (JjxjuIiI ^jljj S^)11 £j 4 a^uiu 



^ NO ^ (JHaII lib ^3 j ^jjJ^lli ^£11 (J^aC- 4_ljLa-a 

*Lj$£lt 3JI jl lie. J Sjjllll (j^lsu J 4-^1 ^1 jill <-Jla>J j ^jlauall L-Jall )Vi» X>J L. \\aW Jjj^a jJ lie. 


^j^l 6^)j|il 6^)jlil ^lial (_£^i.l S^a c. allU Ajjoj jjuiII ^ili 





j' NO , NC ^ RELAY J' uj^ u' d£^ 6* 

) Jjj^a J^l Jallj <jj£j3 ( (JSI ) ^alll Jjl f^gk ^alklLalJ ^^/Li^ll <jl jjli£tli j£ll J ^2/ljjll (J4J (jjill 

6^-lXJk^9 ^ C_l£l»JJ^£ll 


1 ^ t * i t ^~- ^ a a ^ j\_3 ^^juaaIIj |_^| A \ \m a t _]* **' ^ 4 <~~, ^ a /% ^ ^ 4 k i\ ^ \1 ^ 

jjjlall (J^i-lj ^l^iuJj 


j£ll Ajjoulb lAa. Sjjj£ <Aj£tH j£ll CjIc. l^j <jj£j (jlaxJ c^JLa J 


M-iujLuj) paAlLa Cj^Ij aIUA 


POLE 

(Jjxjulill Ale. ^£-0^11 4-L^aiAft]| ^)j| jAII AAc. ^Aau 

^ DOUBLE POLE J' j ®jjL <j1*j SINGLE POLE ^ 

Ijjjui l^ikj J Ijjjuo I^Iaxj (_^l l i£jjl£j>a ^laxJJ ^aA j RELAY (Jl (J-i*Ailj 



THROW 


POLE jjI jaII aac. ^ jLAj ^^a j l*ilc. a^. 1 jll POLE lW <j-a <^11 <Aj£tii j£1I aac. jA 

A^.1 j 

— Ore Jit 1 




Circuit 1 


' Grout 2 


Single-Hum 


Double-Throw 


BREAK 


(Jj».uu]| Ale l^aja jl Ifrfllxj ^Uiall ^jll di£llj j£]| Ac-jxi-^xi AAC. 



t =3 O' 


Slntfe-Break 


DovW»flwk 



A ilik ^ 4_1 !Lg| liA j 




i lJ 



l / 


Single-foie 

Single-Throw 

Single-Break 


Doubte-Mo 

Single-Throw 

Single-Break 


Single-Pole 

Single-Throw 

Double-Break 


Double-Pole 

Sirgie-Throw 

Double-Break 



Single-fole 

Double-Throw 

Single-Break 





=§=§= =§i§= 


Double-foie 

Double-Throw 

Single-Break 


Single-Pole 
Double-Thrcw 
Double-Brea It 


Double-Polo 

DoubleThncw 

Double-Break 





<JLijI£ jlallj j Sjjiij (j£-aj L_alj lie. ^ jill li& j 


TIME RELAY 


10 AjjIj 0.5 £y* <laAjJa (J^ua Cj3 j Su 4_iJ^£ll jj| jJI J^lc. jl jflJ j cJ-^ 

Cljlc-LuJ 


£j& jl\ 


c. <al qj V I ja^Ij j I.Aj 3 I ja^.Ij (JjIluAjuiI Qnqjh j 

ON DELAY 

^r 


On-Delay 
Arrow Points Up 

OFF DELAY 




Off-Delay 

Arrow Points Down 


Ja tliS jll LS \c. bUuc.1 < alia] I j\ Jjj . n'll l ^lij 


ON DELAY 

ojLi'i I i_jIa j ^jc. J Cj£Uij j£]| j»ji) (jl (Jj 3 w /'ll tllijll jJajjj 4jli TIMER Jl ojlbl .lie. 

1 ^ ]A-v \ L OQ j 


OFF DELAY 

diSljj j£ll (Jj^3 <Jj3 Cj3 j jAnj <jli Sic. j \jh^\ <Ja*j ■^ c ' 




1- ON DELAY TIME CLOSED *£-i 


LI L2 LI L2 



NO l&lxJ (jlxj J 5 TR J^ 3 ^. SI Ja*jja3l Ak. 

2-ON DELAY TIME OPEN 



Opens 5 Seconds 
After SI Is Closed 


PL1 J NO J NC J Uijll 5 TR Jl jklij SI c> ^ 


3- OFF DELAY TIME OPEN 


XiC- j S^)juiLi-a A lakill Jlc. S 1 ^ik- 

®j* TR ^ <^14. (jil jj 5 j»Ajj S 1 

LSJ ^ 1 






Opens 5 Seconds 
After Si Is Opened 




4- OFF DELAY TIME CLOSED 


LI L2 LI L2 



Closes 6 Seconds 
After 51 Is Opened 


AiUiaVlj cIjSIjjjS ^-Sc. TIMERS cJl 




AjU i jLa 



NO Contacts 
NC Contacts 

r* 1 

5I i$JI 5I JjUl 


L ** it Q \\ 




&\ jl tiijlj ]^»» >/i ^Ic. Jal \\ 



( PRESSURE SWITCH) NC c 1 ^ J15-M ^ ^ 

(CONTACT) UbAjc. (jdxxa jJa ^Ic. £-1 ^ ^ J cA^ 1 ^ ^ j£j ^)jJ j-all 

^£1 (CONTACT) (jl j^aai ^jc. j (jc. A j^ll-ill lJi3 jjj j (J^qjl 



£3_pJI JojL5 
J^JI ki.-5 





Pump Motor 
Starter 


JsLual) (j±a 



feremial->| 

tango 




^ull ijlllo Jil 
gSMI 


^IcuisJI 

ilb<u^cJ 

wr* ■ 


4 £UiJI 


Jjlij 'J— J 4ojS jJjI 



[<- Differential-^ 
Range 



LOGO 



SOFTWARE-!' jSlI ^ Cx^iix^ jlill jj3 jjl j 4_h*^Jl (Jliliulalilt n ^ball ^.Vs nnj 


LOGO Jt ^ j 



^Ic. *£c-\ iL^jl ^jj LOGO o^j ^3^-^ j j j ^ cl lI/I'v'u (JL^jI ^jj 

(jLj CjIia 3 j jjTi^vn j£ j Jl CjI jl jill aCA J ^ j-<Jl 

230AC- 1 15AC- 24VAC -24VDC -12VDC *Wj*S ^ ^ 







AjLjtial 


10A -1 

4 Ia 4 r_t i i'| ^ _2 


4_juiLju1 -3 


j (JjxjuiJ ^JjlLo -4 


^LxiU^ll “6 

AND, OR,NOT,NAND,NOR,XOR JS- -7 

ON, OFF TIME DELAY 8 ^ -8 
(_5^c.U^aj j J jUj jIjic-24 -9 


cj5U..i* 6-10 


BLOCK 56-11 
C~jil MARKER4 -12 


£j=>-42 -13 
( SET&RESET) LATCH 42 -14 



J^^Sensor 



C. V^j (jjjLud^VI jl ^2 A-jl A_1J^)££ SjLujI ^.LlaC.1 J - 


^\ tn^fc VLj (jjjLud^VU 6^)£^V1 


nt 1 UN. \i 

AjI^ixus 

^ 

L ** j\ Q < < l-t*^ \ 1 

^1^-uLai! , ^— jL^—1 ^ ■ •*^ 

limit switch 

CjI jjlll ^ ^^klLaiJ- 

aJUJI 

J j*-^- 

Ajui^VLg AjV- 

a_j (JjjLoi^VI 
A^UdojVI $Jaj- 

a£j^. <j-a JliUjVI - 
C5>v 

^)I^ju1a]| Ajlg_S- 

. g_j ^ (j^LuaJI 

photoelectric 

^Lai^VI lS^j 

(J^ial J^C-- 

dJjxJ dll 3jola1 ^Lud^!- 
AjUdoaVI £JJjoj- 

^jjjj j) A kS^^SLA AjujAxJI- 

j *Ijj-^VI (JAJ^ 3 CP 

^LaII 

^Loi^VIa j21Ij 

£.1 jjJaVU A xjdx x>\l 

L_Lili25l - 
*I>VI L&- 

Inductive u-"'-*-^' 

A j» >^\1 dlliJl ^3 (Jasu- 

-^A- 
JjJal jxiC.- 

AiLuo-oll J j,h^- 

^jL^axJI j dAii^LJl ^ - 
CjUjSLJI ^ - 

A j V^ar x>\l ^I^^.V11 a L > Jd ^A 
WqO> 

Capacitive 

(J^.1^ e.l^^.1 ^^A- 
dbjL^ 
jA*-^ e-I^^Vl ^^i- 

A J \\x A 

AJal^Jl dl - 

Ai^j 

(_£ ^ILoIaILj (JJjLud^Vl 

ijjill [^yi\ ■ 

Cuj^> ultrasonic 

^Lud^VI (J^A (_) jd ^A 

«j11- 

Ajjl^pJl L— )I^)J3MJ (JjO^J- 

^l^llaj^aVI ^JlO - 
lJ jdVI- 

^ jlauJI 



Ruud'S 



II K 

Normally Open J iq.^.tI I p.An 
Deenergized State 


H II 

Normally Closed Jj 9.2) ill 
Deenergi»d State 


limit switch ^lu^l 




jjA\ (JIiSIjj j£l! ^2a jl (3^ ^ Kjil £- la31 o*- 3 JxjouJI 4-uu£L* ^jc- 

^ * A Jd^> ^ nt 1 n'V \i 

Ja*J| AJLjia 



free position j^jl g*ajH 





pre travel <J4 

jjj ar - u u]l A ]aflj (Jj 3 Aj 3 <_£ jll Ajl. ui . a ll j\ Ajjl^ll jl 

operating position fr-aj 

£-ubj]l ^1 t5 AJj]a]l l^auiaj <j* contact <J' -1°'-^ J 4 j 3 fJJ LS jA 

overtravel 


Aj j*^ i A ]aflj Axj (J * . uui ll Aj 3 ^ jll 

differential travel fcjaJt 

Aj^po tjjar /.i'll' A Jaflj Ja wi.aH Aj 3 i^l j*Aij ^ jll £jJa ^11 ^A 

release travel SjA^t <SjaJt 


momentary cs-^ 

Alui jjJI (_J^)^I ojn A* ■ .A ai (JaiLuiaJI ( _ s Ic. SjJjiall SjsJI All jl 





fj'-i Maintained 


£jJa^i] ^_£J SL^jVI bjfll AjJa^yCi d^l AjJs^jxj Jaj ^IuLiIuj]) ^ ia^ll _' ^jjiLlu^JI (Jjaj 



Free Pa si lien 


Operated Position 


Fiee ftsition 


limit switch c£tljj£ll jj 

Slow break 
ajuj ^ Snap shoot 

snap action 



A lakl] (JxjuIaII (Jjjk-a j Ale. c Ajjoj ^juj ^lc« (jLuN t->» , >> n ^Ac. 6 ^3 J j *ljc. 

jC. ^Ic. S^lc-Vl AJjoI JJO l ^)JjJ (JxjulaII 6 jill S^pljL-a XiC. j ^pUu C* 1^1 Tl L_fll^)laVl (jli (J-l*-uiAl 

aj.j : u i i^u ji c^Uj jSii 

Cj3j1I ^j-uaj ^ NC NO NO ^ NC ^ 

SLOW-BREAK CONTACT 


Nsb* 4j* nl^'l <Ci3L^ ^ d£Uj j£ tilUA (j£i S jL jjjUII j^tij d£Uj j£ll ^ jill 11 a ^ 

^ (Jj3 (J-1*.uij t (Jjy.uull (Jj3 ^j 3 ^ (jtc- tilldA jli3 j »1 xj (Jj^aJ j ^ 





->■ ^ ^ 



Mal»-B«fDraHBreak Br^k-5«for»-Mak» SnapWcHon 







MO 

MO 

MO 

MO 

Free Position 

O pe n 

C 1 a s eel 

Open 

Ol os ed 

Trans ition 

O pe n 

Open 

Cl os ed 

Ol os ed 

O pera t ed St. at e 

Closed 

O' pen 

Olos ed 

Open 


Contact 


cjSUujSit ^“arrangement 







13 21 31 43 



14 22 32 44 


Single-Role 

Doublo-TTirow 


Double- Pole 

Double-Throw 


Single-Role Double-Pole 

Doublo-Throw Doublo-Throw 


jUill j dJ jilU dj£Uj j£ll c jj 

make : (3^ ^ jliu ^.UjI jLiS ^ jj)u^ ^ill 

break : ^ j&A 31*-* £y* dj£Uj j£il Jlc- jl-ii ^Lai^JL l£^ 5 I 

continuous: lW' *Ij 51 m 


dc , ac djLujLai^JI sIa ^1 jjl d^.jj 


AC Volts 

International and North American Style 

Ma 

.ke 

Brc 

; ak 


Amp 

VA 

Am p 

VA i 

120 

60 

7200 

6 

720 

| 240 

30 

7200 

3 

720 



Inte matic 

mal Style 

DC Volts 

Ma 

ke 

Break 


Amp i 

VA 

Amp 

VA 

120 

0.55 

69 

0.55 

69 

240 

0.27 

69 

0.55 

69 








Corroct 


IlMOfTHt 


L3" ^ ^ ^ ^ -J (j^ * qV^ ^ ^ A ^j| cilliA \ (_)*ju1a1I 


Actuator 



V^ulLu^l F- <^jj I _ 

4J3J0 p <»j 





mounting consideration caujjII cjljbjfrl 




Rbv «*> Forward 



(J ix ttiMI j ( cam ) s ^ u ^^- 3 (JjJaaj 

oysC* (Jdlaj <^ 5 -^ J ^- c '^) Jud ^ ^ (J^a-g VI J (Jj*jull]| LT^ L5^ 4 xhg a U jjll 

C^J^I 



Spring Hod Flexible Loop 





^^alljeJI ^jjjI x n ^ \ I 




£> CjI <t *il <t *1^11 

4jjJa^)ll jl <jjj!)U q^jxjH V ^1 L_il jjVI JHal Clil VnJVi ^3 



Interlock Keys 


Interlock Switches 













BERO SENSORS 



M* } (JA 4_J J ^aJoObJl (Ja3U V nil u>1"n\I fiAft 

t**ll <t ill * d Aft ^j^jj 

<Ljaxa 1I ^1 j^.Vl aja^a! ^ >uj]qU«^q jj^ Jl-^ •a! INDUCTIVE : 
r* ^1 aja^aS ^l^jj^ll JU* a3jj cap ACTIVE 
^1 aja^a! aSijx^ Cj\^.ja aIjj ULTRASONIC 
l^uil £ * jb <j^A j Ujj^a ijj PHOTOELECTRIC 


INDUCTIVE PROXIMITY , 




JasJI Ajjiaj 

EKO : EDDY CURRENT KILLED OSCILLATOR 

^ ^-^)kJl cJaJjuojj a^pbj djL^.j>s d j-a t L_flLa ^ AjjojUjjI dd^-l 4 £y* 

j Cj Jjj UiL j 4_i££j s jjb OSCILLATOR 

nt 1 UN. 1 dlUA j ^Jajoa ^jLk ^J1 <. iLoll OSCILLATOR Jl 4-Kuil d ^1L<P1 ^ ■• jjJal ix di JU^ll 

OSCILLATOR ( ) s jjU! *1a J*^ <jj! j*U ^^ic. Ja*j ^ jUJl JU^ll I1 $j 
^Jc. Ja^. jil*j 11 a j ^jaLaJI 11 a Jkb JL^-aII 11a Jk^j (JjjLui^JI ^joi^. j j ^jc. 

jUll (jjjLuo^Jl l^J ^uuoJI L—jl^lsI juo j ^ jauJal lx di JU^Jl 11 a S.!^ Uus JJq*^ J^^ll 11 a (_£^jj 

Jl ^ ^p£l O^juoll Jiij J (JJjLud^Jl ^Jc« Jxi'sll ^gJl (_£^JjJ LxUi ^J^JLaII ^jud^Jl 11 a JkL L_J ji^S >U<ft\l 
ON 6^Luj 1 f-1 lac 1 J ^"^kil 6^jL cIH*^ »^» L)^ 1 £ *^ ^JC« ^ 6^L*jjV1 gIA fiJjudJ nt i n'v til j ^ TRIGGER 
^ Q c. adj^l ^JC- J (_£^)kl Sj-a ^ fcrtjIiUaLftll (JL^aII 6 j3 (JJjlud^Jl q c. .llsU ^jud^Jl ^JC- 9 OFF , 
NORMALLY c> ^ ^ i^l <^jU OUTPUT Jl s >b fclcU TRIGGER Jl s >b e j£ 

OFF OR ON 


^ \ / / \ i 

„ VI // _ \ !- 


^ |l I, /^ Vt 

v,m';/ ',',! 



jJo Uj2_0 < 


_j L^j^o ^jJ_^j Ojjb 
jj 3iJJ pJsJLo 


Clil jS ^ Jaxj CjLajUjd^Jl S 1 a A^.jJ 


DC, AC 






dc current device j£***3\ >31 S 



4_l}c. j A] A^lxo Ai (, . > 1 V-A' ' c£33/Lml Cl> ^jC. a^)Ec. ^A 

<» c_il >1 ^1 J L I'-V \l 

<_h >31 j ^uLmall l .^. j ^ 11 a ^—9 aLj$£13 4 fl^)3a £-o (J '**** 31 ^1 ■ ^luiaJI £- ^j t _i . "->. ^ V- a 

JUI 


output configuration lhI^I <> gr <-k^j 

: Sourcing ( PNP ) 
Sinking (NPN) 

^ JjlLudjl jlill ^ jj (JC- ^>U j 

L_l]ljua]| j A (jdJ (Jj^ajJ PNP -1 
L-llLudll L_fl^)Jall ^)l_iii] J )Vuia (J-OJU Ld^jc. # C - la. L_fl^)Jall ^Jl (J^aJl (J^a*J PNP 

Ja^JI — J! + (SOURCING ) jii*j 11 a j J^JU I jjj* ^^jA\ Jl 



(J^a*J NPN J c . 3> j-all j A (_>uLuaJI ^ ji. (jjj <_>3I ^ NPN -2 

^ya aLj> (J '*'■>■ \) (jC- jl_iii3 t 11 a j < - ^ j^ll Jl c_l3Luj31 4 i>l £ya (J^^ll ^.\j^j^£3I 

>31 j^+JI-J! 


NO, l) ^ 1 ‘ >jv 3' ^ y v>^j >1 _^a 11a j on , off .j ^ a j j j I u liI jl3l ^j^i ■ ^ 11 ^jc. ~ ■ ^ 11 4. ^ 3 a ajc. 

jLS jl j NO >***21 (jj^j jajjta. ^ja.j (»^c. ^ OFF PNP £ _>*• j3 Jli*31 <>■ NC 

NC <j> ^UjiJl ±y*.j ,a-ic. ON 
COMPLEMENTRY ( ^,1 4 ) NO , NC £> uj^ u' >4' u- 



\ ' 

Ki 

fct 

, 

1 


L+ 


-Load 


NPNTrsnaitar 





2 Wire DC 


3-Wlna DC PNP 


4Wire DC PNP 
Complamentary 


<S J 1 


8-Wlra Paralal 3- Win 











Cjbdbd'vtl 



SHIELDED PROXIMITY SWITCH 


l-iB (J 5 i jiLd sIa j ^ J jl<JI JL^aII lJUII 11 a 

t jl SENSORJ ^- 2 ajaill (J^jb-a^La ^Jajuj J j ^a^C- c L_ljL^Jl £Aa 1 

A ml xn^l CjI^g 3 £y* AiEu-a ^Ic. (jjfLi (jl dulj ^Jajuj A_x*Lal * 1 ^,jJ 111 


/\ /*\ 

/ \ / \ 
v /■'v ' ^ > \ 

Sonsor Flash Mounted ! f \! \\- 

wtth Working Surface / / / r \ \\ I j /“\ \ i 


/ yirW^r 



_J^JIJMI 

" (jjj 1 ii)~>J I ^h..» 

— &j$SU> LjJJ 
'^jj^ao Ci lLl> 


UNSHILDED 

^ joLilal ix ^]| ^)1 /uVil £Aa 1 L-lHHl (J A-ijAx ^ Cjlila* ^ ^ill 11 a ^.jjV 

CjUaUl^Vl (_y a*J JUA j ^Jajoa (_^l Ig-iS ^.jjV (_^l Qj^J ^.Ax-aII (JjjLui^JI (J A^Jai-a ^ j 


















S = SXT 


(jjjLLJ! l. 1 l q > ^joi^. a^Lg! ji^.jj (Jl >>a shielded <3-^° 
S new =lmmX 0.83= 0.83mm 

S^Ldl p jj jA j (J-dlc- 1 



aJL^gj ^Lai^VI 



^loui poii>J I vjdoaj qI 











4ju ja JlLui)_2 



‘ CAjk 4 (JduluA^U ^JlC- JJjJ ) AaJlp dlV-^LAJ J-AJU -4 



4jj L ua 4JaAA]| AjjjJI -5 

*UjJjL4 4 SLlQ 4 CjtjjLuS 4 CjjJj ) 



5 dJjsu Cjl^LutAj ^jjuLua! -5 





Aj! ^jjiiSLco ^jjjI ui\Ml . W jj ; laJt x iall -7 


as-I \ Jl -8 


Input/Output Moduba A$1 Master 

with ParallsJ Cabling with Simplo 2 Conductor Cable 



analog output -9 



12 3 4 6 6 

O B mm 


Currant Output 
Vbttage Output 


jysivi JjlJ* J14A1 


Housing 

Dimension 

(mm) 

Material 

Shielded 

Unshielded 

Sn (mm) 

Ope rating 
Voltage 

Wires 

8 

SST 

Shielded 

1.5 

10-30 VDC 

3 

Uns hi elded 

4 

10-30 VDC 

3 

12 

Brass or 

Shielded 

2 

10-30 VDC 

3 


SST 

Uns hi elded 

3 

10-30 VDC 

3 

13 

Brass or 

Shielded 

5 

10-30 VDC 

3 


SST 

Uns hi elded 

12 

10-30 VDC 

3 

30 

Brass or 

Shielded 

10 


3 


SST 

Uns hi elded 

20 


3 

40x40 

Plastic 

Shielded 

15 

10-30 VDC 

4 

(Limit 

Plastic 

Uns hi elded 

25 

10-30 VDC 

3 

Switch 

Plastic 

Uns hi elded 

40 

10-30 VDC 

4 

Style) 






40x40 (Mini 

Plastic 

Shielded 

WjjK| 


3 




































Capacitive proximity sensors 

-l Ja*J! Ajjiaj 



j ^ j*> inductive proximity switch J u^j 

jl jl jl £-U.jll (JlLd Ia^jjc. jl 4 j i.^ar A m ^Lai^Vl 

11a ^ jSlb jj^ ^jc. ;L_aii£^ (JiLoj djb 2 ^^Uc. ^a (JjjLui^JI ^Jajoa 

4_^. j>s Qj£j bu» Aa j-dl *lil jJ S^)jb L_flj£-dl I^A 4 j3 ^isuj ^ibjljjui (JI^ aII (J^b ^-bjudll 

output s^b lJ*-^-j ^ jSj (jc- <-— i^bjl 111 4_^. j-dl sIa 6^jou ^jjjLoi^.Ij trigger s^b ^ j£i jj^Ij 

11a (jc. 11a ^ -lie. j on jloff \ gj'e di3l£ <^111 4 1 gMl ^ <jc. on ,OFF£jbjj| 

^UjI (jc. oscillatorJ eiijl£ La£ c V^^'i 4 _*j3 j^suj ^b*l jjjSJVI 

l^ilt^ Jl ^jj output Sjjb tdllj trigger Sjjb -i^ <jc. ^ jA\ SjS 4_ia J£ij ^ 

4 lx nUll 



-; gjP J*abua j 

Standard target& dielectric constant 


^ajal^Jb ^Lo^V! ^lo ^Lud^Jl a x M'S \\ Ju^.jW ^a^C- ^b^l 1 





jjJ) JaIjla AJkl tSUA 


Material 

Dielectric 

Constant 

Material 

Dielectric 

Constant 

Alcohol 

25.8 

Polyamide 

5 

Araldite 

3.6 

Polyethylene 

2.3 

1 1 l»P HI 1 ■■■■— W — UkaaM 

3.6 

Polyproplene 

2.3 

Glass 

5 

Polystyrene 

3 


6 


2.9 

Hard Rubber 

4 

Porcelain 

4.4 

Paper-Based Laminate 

4.5 

Pressboard 

4 

Wood 

2.7 

Silica Glass 

3.7 

Cable Casting Compound 

2.5 

Silica Sand 


Air, Vacuum 

1 

Silicone Rubber 

2.8 

Marble 

8 

Teflon 

2 

Oil-Impregnated Paper 

4 

Turpentine Oil 

2.2 

Paper 

2.3 

Transformer Oil 

2.2 

Paraffin 

2.2 

Water 

30 

Petroleum 

2.2 

Soft Rubber 

2.5 

Plexiglas 

3.2 

Celluloid 

3 


mm 8.5 =%85 ^ unh^l l jjfL (25.8) sjUII jl£j ^10 jJ 

2AiL<4 (jc. SjIa] (JaIxaII 11a La^jc. 

(^.LaII) ^Wi k h^LaII (j!>Lk (Ja (jjjLoi^JI 


































































(J-aju A \* y j S-Lall ^ J 1 4-2a 


//^ /capacitive 3RG16 Jl '/ ni •■ ii ■ceic 
n i \n, f i/ i n 




Housing 

Dimension 

(mm) 

Mate rial 

Shielded 

Unshielded 

Sn (mm) 

Ope rating 
Voltage 

Wires 

13 

Plastic 

Shielded 

5 

10-65 VDC 

3 

30 

Metal 

Shielded 

10 

20-250 VAC 

3 


Plastic 

Shielded 

10 

20-250 VAC 

2 


Metal 

Shielded 

10 

10-65 VDC 

4 


Plastic 

Shielded 

10 

10-05 VDC 

4 

40 

Plastic 

Shielded 

20 

20-250 VAC 

2 


Plastic 

Shielded 

20 

10-05 VDC 

4 

40x40 

Plastic 

Shielded 

20 

20-250 VAC 

2 

(Limit 

Switch 

Style) 

Plastic 

Shielded 

20 

10-05 VDC 

4 

20x20 (Flat 
Pack) 

Metal 

Shielded 

5 

10-30 VDC 

3 
































ULTRASONIC PROXIMITY SENSORS 

4 d (jdutuA 

theory of operation 



i'l 1 n'vNft J nt 1 hn. \1 ^jkj ^ ^ I (_^lj 4 (JLjoJ^Ij ^JjjLjud^ll 1 JlA 

4 j\j» /uMl 4_ix_nla]| (j-a 4_ixs 4jLa. 4 >u^* -Lali 4_^. j-alL 


Piezoelectric disk 


dll ijh 4 ^q\ 1 ^ \ j^v ' j 4_JU}£jt_L&]j 4 _^. ,^a!I jl ^ ^A j I^IUSU j 4_lIo dll^ j-G JLujjI ^J-a^)kll I JlA 

^jjjLud^Vl Lade. # 4 LiloiJl 4_^. j-^ll j 4_Luj^a 1I 4_^. j-^ll dfj l_j jxu^xa djk ^11 tilLiA j 

(JjjLuliJl l»£J^ jC« J 4_llc. 4-iij^'l 4_^.j-oll (JjA£juI dU 6^)Luj| (J 





Jl 

■Oii 


Initial ftjlse 

n 


k 


4 >_jjdJI 
<Uj5j.ujoJ I 


Inrtial Alias 


‘4>3joJI JUHuil 0 J 3 


J 

A 




4>3joJI JLuijI 5 j3^ 

oLAuJI ^j| 

<UuiLi^l 





micro volt uj^ u' i>A£*jVI j KV 200 »jS ^ 30 ^ jJI 

blind zone AikUIl 


V ~ 1 l^»}3 I jl AaI^oI ^A ^ iA i uN \1 ^ i ^ u n-v ^ \n. ^juj $Q ^Jl ^uuj 5 AjllalA 

Aj ^JjjLud^ll 


;LuasJI ^SJoJjoJ S t* 


'JjaaJI cS^o 



range definition ig-^t 

(JdLuisJl J ^ajaoJl A3 Lu1a1I £A L_1juiLiLj Alj£LaUxll j ALuj^aII A_^. ,ja!I (jdJ dl9 i^ll 

A laJjJa (j£aia]| (JjAjui^JI Aj3 (Jaju (_£Aa 1I 
Ja£3 CjLajLud^Jl J LT^ Aaj^II IaI 1 ^ laJjJa (j^A ) AajsII 

(_^U (jjjlud^JI <ja^j V <_£ jj^aall A Ajq'l <jI£a ^ixj 


vS^oJl 


^jwoS^I cSjvdJI 

I 



Blind | ™ . 


Range 

Sanaing Range - 


radiation pattern pl*^V) 




=3 





jJaxj i t Til >J i**i\ *rt\ xn^ l _ u£jj hi 


m 


6-30 

>15 

20-130 

>60 

40-300 

>150 

60-600 

>250 

80-1000 

>350 


ULac. I g 1 ^u3 l_jLoi 1^.I x 



(J^l^lill ^1a1 <jjjud^d S^^JI AiLoiAll (jj£j <jl 1 v>ijl ajV 1 jK (JjjLoi^ 2 *^1 jj <JU> 




Sensing 

Range 

(CM) 

X 

(CM) 

6-30 

>120 

20-130 

>400 

40-300 

>1200 

60-600 

>2500 

80-1000 

>4000 


flat and irregular shaped surfaces gr fiLm j jj*** fiLm 


(_£ jJjoui jSlb Cliilill lil 



Sensing 

Range 

(CM) 

X 

(CM) 

Y 

(CM) 

6-130 

El 

EB 

20-130 

E9 


40-300 



60-600 



80-1000 

GE1 

BWII 





















i I 


/UlLuiaJI ^ axj V (jl A 1 a 1 \ 6 jLujVI /JA O 3 (j^ 4 




A.Ua'vtj t-J J JjI J- uJl 

^Jajaj ^-Sc. djl jIjujI ^jjj£jUJ ±\ jaII SJIA OV A^-J^ 45 ^J XluXA 



Interfering Object 


K 


SoundAbaorblng Material 




Aperture 


Target 


operating modes Jljla 


diffuse mode I -1 



reflex mode <>A£*jVl -2 



p.Wnni ^ a nt i n'v \i 1 »jA ^ A_^, ,^a1I £ jak l i ^jj^IjlII j ^jjjLxjd^ll * x jo^> ^1 I jl 

A x^alLoJ (_^l dj jj^all ^jjo£ju V ^aLud^Vl 


D 


Operating Range- 


thru beam mode 


^.ia Aa.jj (jj! Cjc-Ull SjLujt (JjiLuii (JjiLowill I j| 


El 


S 3 


(jjjLuaJI Sf li£ jjjj jfl ui jjiall 

d^.jJ (Jjd^. dlU& j <£.^)judll j (_£Aa1! ^Io lg-1^ j t CIjI^UlSI 6 i iaxjJall i 6^) ij=Ji 

<-.l , „1 , ,,-vU 4jjlt 



Transmitter 


Receiver 

1 NO Contact or 1 NC Contact 





j AiLauJl jaJjJa ^ 



SaparatsTranaducar 


(Ji» la-U 


Lower Limit Upper Limit 



Bn30 cm 
20-130 cm 
40-300 cm 
60-000 cm 



SONREG 



li& jii ^Ic. siemens 4 _LjuiI jj 


(J-osJI A qlVi^ j 4 _jI.Aj -1 
^.LlgjlII Aliai-oll AjtgJ -2 
^Lai^VI (_^«^ 4_al-£j -3 

NO or NC -4 

4 m a AiLaui = jj (J^ 1 )>>>jl IgJaJjJa ^aJJ 6 ^)LujI cUlcilOg jt£ 1^1 -5 


cjbJ^aJi Photoelectric sensors 




^ajud^JU (jjjlud^^U ^iakll jl (Jjd£juj Lai J 4_iJ jjJa 4_^. j>s <jLud^)l ^aJJ 



j ^jud^. tilliA jl (jjdLud^Jl (JJdSJ ^ j-all (Jjq*Una\l ^ajiL l^judl^jul *idC. j 4_1J jjJa 4_^.j>S (jLud^)lj (jjdLud^Jl ^ajiL 

^ajud^. tilliA jl S^)Ludl jLuljl j S^)LulVI *1*J ^ajSJ 








(jjlll (j^“ ^l-lkiui! ^jj j <_£.}UJI «.jjJall jjj qa 4j (JJiaj j khz 30 5 L>* (J*a Ji 

Med <&& W’u.'J J f. ' 


Inm 350 nm 

X-rays I Uttrviolet 


750nm 


Visible 


Invisible 


Green LEDs 


Red LEDs 


Infrared LEDs 


: VI U 



50 mm 

D4 mm / M5 

M 1 2 

250 mm 

M18 

250 mm 

K31 

250 mm 

K30 

500 mm 

K40 

750 mm 

K80 

500 mm 

L18 

150 mm 

L50 (Diffuse) 

30 mm 

L50 (Thru-Beam) 

80 mm 


excess gain 




S-^jJa 4_1 (jxiLaaJl (j^^-5 u' j jl 4_J^Ja^) 4-J^pl jl 4_iaj| t-£-i3 ■ W (jiaxJ L_ll2ajj 

JaLui jVl 6^A Jajai j (J-axj ^ixixa 

JaluijVI 
^ ^IjA -1 
^ A-jC-l jj^a ^)JC. (j^Ldl ^ Aij3^ j>s -2 
^ S^Ljal ^jL^axa — ^ A qjq's j-a -3 

^ 6^)ijjudll ^iL^axi 4 4 ^ ^ xial j ^1 j-g -4 

<Laj j-q _5 
6^)Jj£ j ^^3 -6 

Excess gain 


(JjilLatxJI (Jjy-uul Jajoa ^11 ciili ^ CLlC-ldll (Jjj^)Ja (jC- Ajjt ±La]| g. jjJall 4_ix*£ 




o* * 


* 30 aAIu^ jl* 1 ^jILlaII <jl£ jl thru beam ml2 J j5 

pi j*JI <JU 





t 

a 

_A_ 


Without Background Suppr^gsipn 

With Background Suppression 

(jjuLd'vtl dlijj 


r 


JLijI 

JIjaLuI 


[Ml 


FI 


Diffuse Sensor with <^i _ . _ 

Background Supresslon 


a 



E 


Thru-Beam "£^pj | ^ j LiiXi I analog i_9jJI 

'a 




Jplfl 


Color Mark Sensor 


Slot Sensor 


hghgJik 








UJ 1 . „1 . „■* tt i a p I jj| 

thru beam -1 


(jjj Iaj A ic. 4ilLi ja-iiJLuj j feet 3000 oajasj (jS-aj jjSI 

(j-G (JjilxjAAll £jUJl 6^)Luj| jJtli 


Emitter Receiver Emitter Target Receiver 



» thru beam effective beam -2 


Transmitter 


Receiver 



Effective Beam 



reflective or retroreflective scan ^ J .iVu « *l t j difrlJI -3 

Target 



ry i 


Light 

Blocked 


"i J j Jju] 4 > 'ixill ojLiVI ~ J ' ~'t~- 


retroreflective scan effective beam 



-4 







reflectors 



J yy ,j 1 JiA ^1,^'Vuul Jjo 



diffuse scan jUiujVI 


^uaisJl ^Ic. S^)LulVl -lie. L5^ y^.yA (JjijjuAAll j CllC-ldll 

^aLud^Vl ^lc« (j-a <jui£jt_Lall 6^)LujVl A-Lft£J (J tilliA j 




Test Card (Matte White) 100% 

White Paper 80% 

Gray PVC 57% 

Printed Newspaper 60% 

Lightly Colored Wood 73% 

Cork 65% 

White Plastic 70% 

Black Plastic 22% 

Neoprene, Black 20% 

Automobile Tires 1 5% 

Aluminum, Untreated 200% 

Aluminum, Black Anodized 150% 

Aluminum, Matte (Brushed Finish) 120% 
Stainless Steel, Polished 230% 


A , j-ail JjaS ^}j A3 Lwia 1I aljjl J) LaiS 



Diffuse scan effective beam 



Effective Beam 


i 







Dark light 

Thru beam for example 


Emitter Receiver Emitter Object Receiver 



NO ( dark) 


Emitter Receiver Emitter Object Receiver 



NC (light) 


Operating Mode 

Light Path 

Light Operate (LO) 

Not Blocked 

Blocked 

Dark Operate (DO) 

Not Blocked 

Blocked 


Load Status 

Thru San and 

Retroreflective 

Diffuse 




S jJLall j Jlj-dl jJUWl *\ 













TTni-Baim 




To Reca'ivsr 


Individual Cables 


Rom Emitter 




iwiwminin 



From Emitter 



DIAim 


laser Jt 


0.03 mm j* 



(JjjLoO. i_J^] <jl\ ‘lA 

Diffuse , thru beam 


Thru-Beam Sensors 




C80 

































































































Sensor Applications 


There are any number of applications where sensors can be 
utilized, and as you have seen throughout this book there are a 
number of sensors to chose from. Choosing the right sensor 
can be confusing and takes careful thought and planning. Often, 
more than one sensor will do the job. As the application 
becomes more complex the more difficult it is to choose the 
right sensor for a given application. The following application 
guide will help you find the right sensor for the right application. 





Ultrasonic Sensors 



Application 

Level Measurement in 
Large Vessels (Tanks, 
Silos) 

Sensor 

3RG61 13 
Compact Range III 



Application 

Anti-Collision 

Sensor 

3RG60 14 
Compact Range I 



Application 

Level Measurement in 
Small Bottles 

Sensor 

3RG61 12 
Compact Range III 



Application 

Height Sensing 

Sensor 

3RG60 13 
Compact Range II 


1 ^ 

Application 

Quality Control 



Sensor 

— 

Jkv 


3RG61 12 

Compact Range III 





Application 

Breakage Sensing 

Sensor 

3RG61 12 
Compact Range I 



Application 

Bottle Counting 

Sensor 
3RG62 43 
Thru Beam 



Application 

Object Sensing 

Sensor 

3RG60 12 
Compact Range II 



Application 

Vehicle Sensing and 
Positioning 

Sensor 

3RG60 14 
Compact Range III 



Application 

Stack Height Sensing 

Sensor 

3RG6Q 13 
Compact Range II 













Ultrasonic Sensors 



Application 



Contour Recognition 

1 


Sensor 



3RG61 13 



Compact Range III 



Application 

Diameter Sensing and 
Strip Speed Control 

Sensor 
3RG61 12 
Compact Range III 



Application 

People Sensing 

Sensor 

3RG60 12 
Compact Range II 



Application 

Wire and Rope 
Breakage Monitoring 

Sensor 
3RG6Q 12 
Compact Range I 



Application 

Loop Control 

Sensor 

3RG60 15 
Compact Range II 







Photoelectric Sensors 



Application 

Flow of Pallets 
Carrying Bottles 

Sensor 

K40 Retroreflective 



Application 

Counting Cans 

Sensor 
K50 Polarized 
Retroreflective 



Application 

Counting Bottles 

Sensor 

SL18 Retroreflective 



Application 

Counting Cartons 

Sensor 

K65 Retroreflective 



Application 

CarWash 

Sensor 
SLThru Beam 



Application 

Reading Reference 
Marks forlrimming 

Sensor 

C30 Mark Sensor 



Application 

Detecting Persons 

Sensor 

K5Q Retroreflective 



Application 

Controlling Parking 
Gate 

Sensor 

SL Retroreflective 



Application 

End of Roll Detection 

Sensor 

K31 Diffuse 











Photoelectric Sensors 







Application 

Detecting Tab Thread s 

Sensor 

KL4D Fiber Optic 


Application 

Counting Packages 

Sensor 

K80 Retroreflective 


Application 

Determining 
Orientation of 1C Chip 

Sensor 

1L5Q Laser with 
Background 
Suppression 


Application 

Detecting Orientation 
of 1C Chip 

Sensor 

Color Mark or Fiber 
Optic 



Application 

Detecting Jams on a 
Conveyor 

Sensor 

K5Q Retroreflective 






Application 

Detecting Caps on 
Bottles 

Sensor 

K20 Diffuse with 
Background 
Suppression and 
K31 Thru Beam 

Application 

Detecting 

Components Inside 
Metal Can 

Sensor 

K50 Background 
Suppression 


Application 

Detecting Items of 
Varying Heights 

Sensor 

K80 Background 
Suppression 


Application 

Contra I ling Height of a 
Stack 

Sensor 
SLThru Beam 


Application 

Counting Boxes 
Anywhere on a 
Conveyor 

Sensor 

SL18 Right Angle 
Retroreflective 









Photoelectric Sensors 



Application 

Counting 1C Chip Pins 

Sensor 

KL4G Fiber Optic 



Application 

Batch counting and 
Diverting Cams 
Without Labels 

Sensor 
K4Q Polarized 



Application 

Detecting Presence of 
Object to Start a 
Conveyor 

Sensor 

K35 Retroreflective 



Application 

Detecting Reflective 
Objects 

Sensor 

K8Q Polarized 
Retroreflective 



Application 

Verifying Liquid in Vials 

Sensor 

K35 Fiber Optic 



Application 

Verifying Screws are 
Correctly Seated 

Sensor 

KL40 Fiber Optic 



Application 

Verifying Cakes are 
Present in Transparent 
Package 

Sensor 

KL40 Fiber Optic 



Application 

Verifying Lipstick 
Height Before Capping 

Sensor 

MS or Ml 2 Thru Beam 



Application 

Detecting Labels with 

Transparent 

Background 

Sensor 

G2Q Slot Sensor 



Application 

M o ni tor i n g 0 bjects a s 
they Exit Vibration 
Bowl 

Sensor 

K35 Fiber Optic 













Proximity Switches 



Application 

Detecting the 
Presence of a Broken 
Drill Bit 

Sensor 

12 mm Normal 
Requirements 


Application 

D ete cti n g Pres eric e of 
Set Screws on Hub for 
Speed or Direction 
Control 

Sensor 

30mm Shorty 


Application 

Detecting Full Open or 
Closed Valve Postition 

Sensor 

12mm or 18 mm Extra 
Duty 


Application 

Detecting Broken Bit 
on Milling Machine 

Sensor 

18 mm 



Application 

Detecting Milk in 
Cartons 

Sensor 

Capacitive 


Application 

Controlling Fill level of 
solids in a bin 

Sensor 

Capacitive 



Application 

Detecting Presence of 
Can and Lid 

Sensor 

30mm Normal 
Requirements or 
UBERO, 18mm 
N o r mal Re q u i rem e nts 
Gating Sensor 








ft j *l\ 


Basic of PLC 


Jl ^jijplc -SI ci£\A.idl Jc. jaII diL* JxaII sp, I Jj inputs ^Jj 4_L^.Ij <j^Ja3I ^aU^JI Jja j 

CjU.ji^]| jl j^boupiltS 



Jt JaC-plc 


Jlplc Jl ajahLaI CjU jfLa tliilS <ja cpu (Jt <*— Jjalaij Jll j ( 4 _j JjaII CjULJI ^ ^ \\ * a 
inputs Jl gjlvuMj AjlSaia CjL 0 J*a Jl J jaJi j cpu J*-* J*t-*^SI Jl SjSti Jc. <j j^aII ^aU Jl Jc. pUj j 
cpu Jl ^jlj^l e' Jl j ^Ijljill iUJU JL outputs cjIjUI Jl digital j' ( <^j) analog ( 
J*-^actuator cj!>U_*aa1I 


) JaUJI <^J J Ja clF* t-^loperator panel o^*-* Jt-^l jl J^l c1jLJ*^1! L y^x j ©pi J JaaII jA ( 

Jl d L^'v'ullcpu Jl ^caIj^J c. <aj >, >>i jl 4 j\a* \l £jIjj J (JaaII ^ja 4_^-a^)J| I k>>jI j 

^caI^)J| JiA^j J 4 _JjuAjoiV! AlliJa J 


Input 


Modu lr“ 





QlJtpUt 


IMod u Ics 


Programming 


Operator 

Devfce 


Interface 











C'\\ *s j\ ^Ic. ^jui jj - \ 

CjU j)^<a\l £.I^)jui -2 
^jul^)ll C t U^ JU*Jl ^ajL -3 

Jl ^ <j£l jplc Jl Cy* jjjSJI jj ^3 LaS J^b jj! jJ! J-ac* ^ relays eiAj^jSil Jb*c.l J1S2 j 

CjU j£-a L_li£jJ Ljajl j ^jui^) 1I Ljajl j jlill j;lij l jUVn L_fl jjui Jj,Axj J-aC. L_J jlL^all <jl£ bl Jj 3 (j-a 

(Jl £-a (j£J 6^J^.plQ (j-a j^-jual 4_lljl j! ^ab^JI ^ JjJlxllI <£Ljal (_^l #>> tilli J£ (jjAj J^jujI (Jj^lxllll 

l^lll^l jl til^Loil (Jjjk^ajJ 

(Jl ^Jc. I LaC. J^jujI ^\l <ixx-sa]| CljLlLaxJI (jl La^p^Q Jjj^a J^l S-Vi» <a A_1J^)^£ ^)j| ^Jc. I ^LaC. (jc- 



J/ Cjjjj^aplc 

Aajj^-SJl Cj^Llua jjII 4 ^uu]L \ jLual -X 

JjlaJl j CjljjiSJl JlijI ^9 £j^il j Jfwil -2 
U jL^j! j flla^VI A-jjlLa| 4 i^|jj -3 

^j|^«il| CJjL^J ^ J^uu LjLSjJ^jJl 

1 ajti<-.'t (Jab j 4£^UJ A&jj ililLijiaUl _5 


Jl 8. j$*iplc >44^W j»jS2 ^tsiemens J» SIEMENS S7 200 S7 300 S7 400 





s7 200 

J jAmicO j jl$A ^8 lgJ£ ejlAjajall j j f bj$£il 

j 4 i w*iti JiLa i jjsu^JI Ajfrl l^ait ‘•Maj.'U"^ (j^axj j tliljjxJ) J^uiC j J&Laa]| Jla A 1$ * all cjULulaliil ^3 
uLlsull 



S7 300 s7 400 

j UjMiiaJl S-li . jj SjjjS j J^Ujj j IJj&u jjSVI ejliLuiajII ^3 jl a <A-., 

6* <^1 jlull j A iVi^ a <jc SJjjC’ ^Wj4^' J cjUji»ails7 300 j's7 400 j±* ±**4 

CjUjlLaVI j 'j°»"'" 



j|jc.Vt ^ULS number system 

J' u j^jplc ^ ls ^- W*-* j' ejUjk*]l on , off ( 0 ,1) Jt f'-kj l s' binary bits ( A? ) bit 

4_1a3j jjj^a ^ jl ULl^.1 j 


^Uajjl - i decimal system 

cj|^.j 4] f l3 j^i js t (digit ) ) o^' base <J j jj ( weight 



4 -Lg jJl ^ jA jjujlII ^Uaill 


Ten digits 0, 1, 2 , 3, 4, 5, 6, 7, 8, 9 

Base 10 

Weights 1, 10, 100, 1000, ... 


^Uaiit - 2 binary system 

Jl ^o^L-jplc 


Two digits 0, 1 

Base 2 

Weights Powers of base 2 (1, 2, 4, 8, 16 ) 


^UjII j»Uaill 0, 1 4JJJ JJ 
^3j]| 13 a i o<--l . Wij i_L^a 
UJ^i 1 — (jjtiill (jil 2= 2 1 

(J j 128 = 


0,1 (Jj^l 3;L«IjC. ^ ** 1 — 2 (3 J du (31 (_g& J 

_>.! j most significant bit 

2 


Most Significant Bit Least Significant Bit 

i i 


2 7 

2 6 

2 6 

2 4 

2 3 

2 2 

2 1 

2° 

128 

64 

32 

16 

S 

4 

2 

1 

0 

0 

0 


1 

0 

0 

0 


t> JlJfrVt < binary decimal 


4_1!Lq! 


128 

64 

32 

16 

8 

4 

2 

1 

l ° 

° 

1 

0 

1 | 

l ° l 

0 

0 | 


^jjx> l\l (JLgjui]| \ (jC- - \ 

1 L$ J j ^ -2 

SiA -3 


128 

64 

32 

16 

8 

4 

2 

1 

0 

0 

0 

I 

1 

1 

0 

0 

0 


8 

+ _ 32 _ 
40 


■ 8 
■ + _1G_ 
24 






bit , byte, word , double word 



0 

0 

D 

1 

1 

0 

0 

0 

0 

0 

D 

D 




■ 


\ 


Byte 


Word 




nipple = 4 bit 
byte = 8 bit 

word= 16 bit = 2 byte = 4 nipple 
dword= 2 word= 32bit= 4 byte= 8 nipple 


<JI pic VI mj V 0 , 1 



AjjUjII JlJfrVI JjS BCD 


4 s-> Ajc. JS j j»tajl jjA DIGITS j ^ a ^U.'Vt sIa 

SjjUl <kjdl 4J (Jl!La ft ^'1 














Decimal BCD 

Numbers Numbers 


0 0000 



1 

2 

3 

4 
& 
6 

7 

8 


C001 

0010 

0011 

0100 

0101 

0110 

0111 

1000 


9 1001 


Jl t&i 16 HEXADECIMAL 


16 digits 

0, \ 2, 3, 4, 5, 6, 7 8, 9, A, B, C, D, E, F 

Base 

16 

Weights 

Powers of base 16 (1, 16, 256, 4096 ...) 

A= 10 

D = 13 

B = 11 

E = 14 

C = 12 

F = 15 


f ^"“0 BITS Cf- jp-i j Jal s J o 4 BITS j* ji 

Jl tj it ^ ^ HEXA 

11 r 12 
1 6> 28 


ic 

t> HEXA lSj^z- J' 





16° 

= 1 


16 1 

= 16 


B 

= 11 


16 1 

ig° 


2 

B 


- 


- 11 x 1 = 11 

-2x16 = 32 

43 


TERMINOLOGY 


-1 SENSOR 


J! IgJ Jlia 4 S JJ^a Jl 6 jj^all <J* jA PUSH BUTTON 

PuShbuLLOn 

(Sensor) 



-2 ACTUATOR 

J! i^a s^LuNl PLC 

^-l cJHa 



[Voter Starter 
(Acuator) 

-3 DISCRETE INPUT 


c2j3 0)0 ji ( dJja 24 ) c3^ j J 1 6^)LujI ^Ja*J j dll j3 24 S- 5 (jdai^ j! \a ^lULa <_£ I 

^ jjid jl£ jl ( 













-5 DISCRETE OUTPUT 

(J1 L>* £ UJ^ PLC lF S jLf 0 , 1 L$^U (jllil J*2d C5 lc; <L^ajj ^jj j 

(JdXjulj CjUaI jl 


/ \ 
Light 


-6 ANALOG OUTPUT 


du j3 JO 0 LF (JJ^J u' Sjd Iuia <>ua DC 20 4 (j-* jLu ^I^C- (Ja-uUJ 

A m x> A uu n ^jij e-\ qa^a ^Vij ^Jl (J.FH j)^i 4 Laj\ 


Victor 


PLC 

Outputs 


C lj rrn nt-to-P nf] u m ati c T ra n sducer 


. Air Supply 


|T Ai <-0 p n rated F I ow-Cont r o I Va I vc 

7 CPU 

1)1 ^lc- £LX*U^)i3l ^Ic- J dj^LkdJi 6£.!^)iL ^ajLj J J-uLlul (JC- SjLc. jA 

4_ixjIjj dLLac. j dULnli 4J^)tL<s j j *1*JI j (JlLa dLiLaxj ^»j£j ^A j 



Wl -8 PROGRAMMING 


4 m a A ^ ,\iqVi\ ^a\ jl ^Ic. j_$ jp^j 0-ali^)2! 

J1 4-^* jj PLC 4.=^ (JjL ^La j ^ l F * jLc- STL , FBD, LADDER 







-9 LADDER 

j (JlLdJ (Jl_Ajudll ^ k^°[\ Jaa. q£> 'c>j)\j£- j& j dj^ljj^a jlill ^Uaill 

^ y^-y j CjUIax]! QjqV^ (_£^a.Vl j]jj Cljl£jjudll j a£jjuj jii*j S^)j!o 


,. Power Conduulo' 



10.0 10.1 


Output Element 
' or Instruction 



11a ^ I 0. 1 , 1 1 .2 Jc- ^ y^ y* uj^ ^ a & ^ jl dLyLkA* QO.O 

- 10 STATEMENT LIST ( STL ) 


(JlLa CIjUlS ^j^.lkjjuij (2 


NETWORK 


10.0 

10.1 

Q0,0 


NETWORK 2 


- 11 FUNCTION BLOCK DIAGRAM ( FBD ] 


Jgj.Vn^ \ g ic- 4 _iLgc. (J£ ^ CljLiiAaJlj Vi^U (J^jujI ^A j (_ 3 .pl n<o ^LVnJ (Jjj^Ja (jc. 

/ 1 : t 


NETWORK 1 


10.0 — 
10.- — 


AND \— QO.O 


NETWORK 2 


10.4 — 
10.5 — 


OR \- 00.1 


-12 PLC SCAN 

J3 ^joiaII AiJaj PLC 

(Jl PLC ^ CjU.j^a1I .1j.1^J J (jL-aliVl CIjLiIaxj ^ajSJ A_llc. (J^juaaII ^xaU^ll Jlijj ^11 

(Jl .Ixuxj A-Aax ]| a^A A-lLa^l a^iill j .Ij. 1^. (j-a Jlilil LO diVL-ajVl 4_La£> j 



-13 SOFTWARE 

Jl j jj ij-l^a£ll ^JalLoiJ ^^llll djLo ^1*-^IPLC (_^l ^cxal^pllj 4 -j^I^J! ^-aljVI ^Ic. (_£ jliaJi ^A j 

A CjU j£-<JI 

-14 HARDWARE 


(Jl Jlial A jU«oll CjU j^ll ^A PLC (Jjl^ll J J 






15 MEMORY SIZE 

KILO = K= 1000 UNIT 

(> ?]£\\ IK =1024 
u^= 2 10 1024 

jjS3 0^- 1024 BIT jl 1024 BYTE j' 1024 WORD 


1 K Memory 1 K Memory 


1 Bit 


1 Byte 

2 Bits 


2 Bytes 

3 E 

Jits 


3 B' 

/tes 


f 




1024 Bits 


1024 Bytes 


1 K Memory 


1 Word 

2 Words 

3 Words 


v 

1024 Words 


-16 RANDOM ACCESS MEMORY ( RAM ) 

A_ij| jjuosJI (J 

*^a ojdilLall CjLa jla^all j lA j j-all dLa jIxaII ^ Ac. 

tiiE 4jLa^J 4j^)UaJ ^ j ^-a AjV CIjLo^IxaII oIa 


(J ^j£-aj ^ A 

Vo a Y<i<-- 1 * <<\ j t 


-17 READ ONLY MEMORY ( ROM ) 

L££ Sf I jS S j£Ij 

c_J j\L>x> ^liAl djLa ^la^all Ja&a. Ia^jjxj (j£-aJ V j AaS3 lg_i3 dlLa ^ia^all ^j-a ^ ^A 

J] ^a^kjjujJ j Lgjic- oJ j-all dlLa ^L laII Jiaaj V ^Uakjl ^4C. j l ^ ^^PLC 

jl -18EPROM (ERASEABLE PROGRAMABLE READ ONLY MEMORY) 

^3 jdiAl djl Jjilill ^LaAl 

^Vn.'l j VI ^ g jL-l La ^jot-a L-ixj^a j Jala l^)SJ l^-llc. oJ ^^.j^all CllLa ^lx-allULTRA VILOT c3A 

Ljajl tilLlA j 4 j's ^LEEPROM j\c> La ^juia] ^a0 Vu*n 

-19FIRMWARE 

o jSlill £-* flaiJ ^ L* Ln' l £L*U jJI jAEPROM-!' PLC J c5jl^J L^iSl J PLC "L^LojVI 










^ ^ 0-alj^)2l ^>*1 jl ^ £• (_£ jlaJ ! ^-gU^aI! <jl£-a - 1 

(JlLd ^aU^illj C' \a\ ^Illl CjLiIaxSI ^jl^xilj Jalil^Vl (jt£-al ; djLd ^L laII (jl^-a -2 
PLC-S^ 4-lx^a j-all CjUj^I CljLd ^L laj ; djI^ixlAll j djlij^)*Iill (jl^ -3 


; g-dU jj jjJu jl Ja*J CjUIIsUI 



PLC -1 

^aJJ ^aJ 4_llc. SOFTWA RE Jljjl ^ ^)J Ij-U^ “2 

>»'j* ls^- L$y^i <_s^ £*LjjJL PLC J 

PLCJ' 

V^SOFTWARE -3 

PLC J' j 4 -t^ jJI jWr'- uai <J4£ -4 





(J u^l o— ^ ^ j- PLC SIEMENS S7 200 MICRO u±*i J OP 
(Jl LaOVun^ll A x>\l djLsAllalill PLC 



Jl L q>^> J ^ J Clijtj J tg_! Jj^ajj *lajJ PLC 

CPU 222 DC DC DC 

1 g jVi ^U^£ll (JLajuoII i^a ^11 





Feature 

CPU 221 

CPU 222 

CPU 224 

CPU 22S 

Memory 

Program 

4 kbytes 

4 kbytes 

3 kbytes 

3 kbytes 

User Data 

2 kbytes 

2 kbytes 

5 kbytes 

5 kbytes 

Memory Type 

E EPROM 

EEPROM 

EEPROM 

EEPROM 

Memory Cartridge 

EEPROM 

EEPROM 

EEPROM 

EEPROM 

Data Backup 

50 Hours 

50 Hours 

190 Hours 

190 Hours 

I/O 

Local Digital I/O 

6 ln/4 Out 

3 ln/6 Out 

14 ln/10 Out 

24 In/16 Out 

Maxim un Number of 

Expansion Modules 

None 

2 

7 

7 

Max Digital I/O with Expansion 

6 In/4 Out 

40 In/33 Out 

94 ln/74 Out 

123 In/120 Out 

Max Analog I/O with Expansion 

None 

3 ln/2 Out er 

0 ln/4 Out 

23 ln/7 Out or 

0 In/14 Out 

28 In/7 Out or 

0 In/14 Out 

Instructions 

Boolean Execution Speed 

0.37 ns/lnst. 

0.37 ps/lnst 

0.37 ps/lnst. 

0.37 ms/lnst 

Internal Relays 

256 


256 

256 

Counters 

256 

256 

256 

256 

Timers 

256 

256 

256 

256 

Sequential Control Relavs 

256 

256 

256 

256 

For/Next Loops 

Yes 

Yes 

Yes 

Yes 

Integer Math (+-*/) 

Yes 

Yes 

Yes 

Yes 

Real Math (+-*/) 

Yes 

Yes 

Yes 

Yes 

Enhanced Features 

Built-In High-Speed Counter 

4 (30 KHz) 

4 (30 KHz) 

6(30 KHz) 

6 (30 KHz) 

Analog Adjustments 

1 

1 

2 

2 

Pulse Outputs 

2(20 KHz, DC) 

2 (20 KHz, DC) 

2(20 KHz, DC) 

2(20 KHz, DC) 

Communication Interrupts 

1 Trans m it/2 

Receive 

1 Transmits 

Receive 

1 Transmit/2 

Receive 

1 Transmit/2 

Receive 

Timed Interrupts 

2 (1ms - 255ms) 

2 (1ms -255ms) 

2 (1ms - 255ms) 

2 (1ms - 255ms) 

Hardware Input Interrupts 

4 


4 

4 

Real-Time Clock 

Yes (Cartridge) 

Yes (Cartridge) 

Yes (Built-In) 

Yes (Built-In) 

Password Protection 

Yes 

Yes 

Yes 

Yes 

Communications 

Numberof Ports 

1 (RS-435) 

1 (RS-435) 

1 (RS-435) 

2 (RS-485) 

Protocols Supported PortO 

PPL MPI Slave, 
Freeport 

PPI a MPI Slave, 
Freeport 

PPL MPI Slave, 
Freeport 

PPI, MPI Slave, 
Freeport 

Profibus Peer-to-Peer 

(NETR/NETW) 

(NETR/NETW) 

(NETR/NETW) 

(NETR/NETW) 


Profibus Peer-to-Peer 





















































MODE SWITCH 

RUN J Lj* uj-^ PLC .\iqvn j cJ-^ 

STOP Jt '<* ojlj PLC 

TERM ^ uj^ PLC <*-^j 


Analog adjustment ^jS Jajjja ^ ^Vu>n j 4j^aLk Sj£L j ^ Lua Lu.^' ^-Li* j& 

AjtgJ L jjJa jl ^t9^)l ^I^C. jl 

^iUial ljjI£ 3itua! 

lal ^iLjal S^)£L dj^)t£ AiU-ial 

^Lull C^jl£ 4ibJal 






jj J£J cpll J <*-> ^ 

^ cpu 221 6 input 4 j output s*^j V j 
cpu 222 8 input 6 j output oj#^1 u^j j 

6 Inputs, 4 Outputs 
Np Expansion 


3 Inputs, 3 Outputs 
Accepts up to 2 
Expansion Modules (EVIj 


14 Inputs, 10 Outputs 
Accepts up to 7 
Expansion Modules (EM) 


24 Inputs, 16 Outputs 
Accepts up to J 
Expansion Modules (EM) 





abJI cAaa! status indicators 




run Jt u' tr" pic (j* run J**j j 
S top J' u' pic ‘-“M 1 cs* 

SjUjoI u Jaxj Ig^lat (Ji-lll (j jSj LaAic. j cJ^-^ “CLlLs AiaI <JS j - t^)j. j (jljj]l dllxal 

oL-»-l " 1 " 24vdc l*-U ^311 aj- 111 ^ia 



i/o numbering 


J' j* (>Sj Jj' byte J 1 j* j bit 






















grjaJ output 

\ g Jj ^ali CjUaII j (JllLal 




(Jl £A UJ 1 ^ (J^ 3 Jg xjJ <L^aiLa ClL^L^a j ^ j pic 




L. S &A 1 
4 jj^k ^]| djLo^Lt-oll ^a. 






RAM EEPROM Optional EEPROM 



j manual <> pic s7 300, 400, 200 

Actual Sj^aI jj 

-1 OP 



djULiill (j >>» ) £jja J ^ j 37 200 j ^ (Jii-a 






PPI Interconnection 






Jt PLC 


(Jlill j diLLal^lill j AjaJaj^]| (JlLd ; 4_pt*Jl ^aljVI 

AjjJaL^JI CjUlud^Jl J jl VUijal jl \ \)A) CjULuII (JaC. (Jia ; <jc-aLk]| j-al jVl 

4jujjudl! diEl^lx!] ; djlc. ^jjudllj Au^aLiJl ^-aljVI 

f SOFTWARE J' J*Aj •— * ls^I jAj ^Lall PLC 



-1 SYMBOLS 


^ *"' Aj A-Uujiij AJIlqj, <jj J Jld djU j£d ^j-d ^_]£J 


SYMBOL " CONTROL ON " = I 0.0 

-2 CONTACTS 


Normally Oper 

(NO! 


H/l — 

Normally Closed 
(NC) 


-3 COILS 


(Jl (JiLoJ jA RELAY ^^pJI ^Vn jA j <J <L-a j^ll 4_iJ^£Jl S^jUI (jl dlxj (Jaxj (_£^l Q 

(JjfLj <al^J g.Uj| j"1" 


-4 BOXES 


4 m ^ 4j'^c. ^jJa jj ^1 (jjAl n^i\l 




CjUjIaJ! JlkJl 


(Jl SOFTWARE <J-a*J ^y\ j^ll \ g 11 dAj j^\I j^\ j \ ^ V a_ajI£ *i^.jj ^^jjoiaII 

Network 1 

10.0 10.1 QO.O 

) 


Network 2 


4 djULoxJI 




And (A) Function And (A) Function 

Udder Diagram Representation 



Statement List Representation 

Network 1 
LD 10.0 

A IG.1 

QO.O 


Function Block Diagram Representation 

Network 1 





Or |0) Function 


Or (0| Function 


Ladder Diagram Representation 



Statement List Representation 

Network 1 
LD 1C. 2 

0 10.3 

□0.1 


Function Block Diagram Representation 


Network 1 


10 . 2 - 

10 . 3 - 


OR 


Q0.1 


gc-aUjJl jUaI 





J-ac. ^ jUlkVl ONLINE ^Sc- Sjj^Ua ^UjJ! <jjj j cJL^aj!>U PLC ) 

( ciia j5l ls * ^4fL3l 


Toggle 

Switch 


CPU 

10.0 QO.O 




Lamp 

RT 


FORCING 

<UL^ jL±^.V INPUT jfi j.^11 o ^* j jUiV ^LVuuU 0 1 uj^ u^ 








Input Bit Forced On - Contact Closed 


Jllfr. ,^t cjVbJI CONTACT ONLINE 















Status Bit On 
Contacts Closed 


Status Bit Ott 
Contacts Qoen 


Status Bit 
Forced On 
Contacts Closed 


Status BiL 
Forced Off 
Can tacts Oaen 


Normally 

Open 

Contacts 1 0.0 




Status Bit On Status Bit Off 

Contacts Open Contacts Closed 

Normally 

Closed 

Contacts 10.1 |C,1 

h 1 


Status Bit 
Forced On 
Contacts Open 



Status Bit 
Fo r cad Off 
Contacts Closed 



Output 

Coils 


Status BiL On Status Bi: Off Status Bit Status Bit 

Coil Energized Coil Deenergized Forced On Forced Off 

Coil Energized Coil Dec no r g 'zed 



















^Ic. ^ciil j i ** )\ kA kk\-\W AiLjal (> j£.aa]| j 

CjU>4]| J caU.uB OUTPUT & ANALOG INPUT 


J! lU*j PLC W AJjUij Cj!)LkAxi Uiajl 0-10VDC j 4-20mA ^ Cf* ^VLn 

Jl jl dV ^JixjiaW jl (jjjll jl 6 jl jl <c- jxJI PLC ^ DIGITAL 

JL±\ dj£ j ANALOG DIGITAL 12 BIT PLC lUUUI 

L<s jtLa j! jLi jl dJ j3 ^J<L (Jjj^a Jjll ^a^JjaaJj Ig-at^a 



Analog Expansion Module- 










On-Delay Retentive On-Delay Off-Delay 

In j 1.1x11 JaxJI Id <^^11 ojLujVI 

PX (_1a*- 1I ^3 ^1.1x11 Aj 3 ^aluLj (jl L_J d3 ^11 jA 

<ad dhldJI lU*i j lms, 10ms , 100ms W j 327 . 67 s, 3276 . 7 s, 32 , 767 s 

Jlia 

uj^ Uik. Jli*l! li* ^ I 0.3 = ”1” 



^ ^1.1x11 Idj 150 ms l$' 15 ^111 j 4 _ijIj Q0.1 A h^* 

6 jU^I dlxladl jl I 0 . 3 =” 0 ” <jldll <j-a ^Idtll 4 -ljtj ddlc. ^aJ A ^1 ^ 



-La£3 .1x11 .lldeJI AJU. ^3 ^aJajj j A-nJoa A-IaIII Jid (JliLall I^A ^3 


Retentive on dela> 


lad I £.UjI Adukj j (J-axJ .lldll I^A (JlaJ IN C__a3 jJ ^lll A a^W dc- (J-g£j (_£^)^l ddlc- lil j 

J-aC. t> j reset 5J 









T OFF DELAY 

A . cA Jakj 1 £.Uj| ^ 

AiO JN S^jLuiVl ^^£LJ Ub^xJ ^aJ 4_llc. Ja Cll3 ^]| Q ^Jl 1 (j-a (Jj^JJ 

TXXX 



(J£ (J^l^ A_nxi^]| C1 jI^I^*JI pic cs^ 






Counter 

(Jac. Ia J iic. j a lix x> 4_*ja (_^l ^ju 

XXX XXX 

Count Up Count Down? 

jIjc. 256 s7 200 jl ^ 

L_klikl 





^ ja. jll *Lgj 3 ^xJI l^jjpy 


xxx 



Count Up/Down 


LLtlo^V j255 JIO (ja Jildol ^jUaC-l ^aJJ 


^^luaj JlJlP -1 







ojUjjl ±xl\ I^jj CU 
R j l-aLLV 

(J ^Ic. 6AW<a\l A x>jq\l (_£,Asu XlC. Cll) 1 cr^ 0 Cy* ( ^ U«oJ t g j\c> Ja ^JjJa^]| A x>jq\l i > JjSI 

Q=i 

XXX 



CTU 

CU 



PV 




JjUj -2 

1^) l$Jc- Ia jU>)^ <Uj3 ±xl\ I^JLl CD Ulk; j 0 J' cJ^> C5^“ (1 J' 0 L> Q 1 J' 

Aio LD (J^ JUC- IAaII j (JdXjuij 6^lc«l (J^aC- ^»JJ I (_£jLol2 PV 

XXX 

CTD 

CD 

LD 

F"-.- 

^jc-Uoj j JjtS jc- -3 

Jj^ CD jt CU l Ji 0 o- 




XXX 


CD 

CTUD 


CU 



R 



LD 



PV 



QU ^LlLta]l LaJ^]l X~' J ^11 CV ^ CJ^' ^ S' ' Lojail ^jLmJ py 

OjS2U^ CV 0(JJ^ QD 1 

J«j LD pv=cv 

^R=lJ^ CVOJ' 









q \ ^isu ^.1x11 (Jjj^a ^11 Jic> 

Jtla 




CTUD 

CD 



10.0 


CU 



10.2 


R 




150 — 

PV 

QU 

1 

Q0.1 


C48 

IO.OlJ^^ CjU^xJI 

I 0.1 j; <J^ 

150 ^ PV 

jA jLaJlgQ < \'\aa (jt£-<JI SUx-a 

5j^c- J •^C' 10.11 *^Ij j ^l^xll I^jj j 1 Jl 0 (j^ (J 

^ I 0.0 1 j 1 c^t 0 c> J 

(J jVn 150 4-xua ^ u^Vi Ld^jc. qO.l ^ Vix>x> ^jI^aII slAx-a \ ^Jl 

A^jC. (_^l ^ Ajc- S^jLujVI j 


AJUJI j^IjI high speed instructions 

ks> aji^ cjUIj^ -i 

ja ^ jj jjSI 20khz 



High-Speed Counter Definition High-Speed Counter 


Positioning Q^IlJa^a 








■O ! 2 3 ^ E* e 7 3 3 10 


I I I I I I I I I I I I I I I I I I I I I 



Jt jl encoder 600 pulse 3iU 

jjjUJI j 1 000 (jl£-a (j-d (JU Ail 

6 1 C> 

jjjUJl l_sIj J Ail 30000 *^3 ^l^xll Ail 5000 


^ILdl LiSj^ll interrupt 


^3jljV! 

CjVL^V! -1 
(T jaJI J -2 

iaJjJa^all Cli3 ^11 _3 

(J1 a!-gI£JI 6^)j^ll (j-a (J^3 jl AjV <— fl3 jlill Aju^jjuj ^4 jl pic 


PTO 


4294967295 J' 1 qa j^A-dl qa jda^a CljLjajill qa ^ a~\a s.UaC-1 

^ Jjll laJjJa jfLus 

%50 duty cycle ”0” ”1” u' cr^ 


qo ° u u u u u u u 

4 Pulses I 4 Pulses 

500 milliseconds Each ; 1000 milliseconds Each 

Interrupt 

Occurs 


PWM 


jl Un>.' duty cycle %10^“ on %90 j off 




On OFF 

On 

OFF 

00.0 



I 


10% 

50% ; 


Duty Cycle 

Duty 

Cycle 


Transmit 


modem j' 


cjVUajV) network communication 

(J4J dlLa ^IxaII (Jiii pics (J-^ CJ^UljuLa]| j djLajLatiJl J <c.^) JOJ j JJ jJAx^I j 

CjI£Ujuj 



4 r.1 u^\l ^3 xua\I Cl)l£l.uUi 


J 


Profibus 

As-i 



ft 

HBB- 

ET 200 


a 


MATIC OP 


SI VIATIC C7 


i 


□' 


a 


Programming Devine 


SIMATIC S/-?00 


SlMA _ lC E7400 


SI MATIC S7-G00 


■ 


SIMATIC S5 



7-Core AS-i Cable 



AS-i Compatible Sensor 
Attached to 2-Core AS-i C^ble 


S7-20D 



Sensor with Sensor with Operator Panel 

AS-i Interface- AS- Interface 







4^11^1 fundamentals of field bus system 


tillil 6 jjj£ .la A K jgbQ cilUA <jjfL CjUIasu ^UaII a^1a! 3 IgJkj L_J i jilaal 1 CjIjLIVI SjLjJ Ijc- 

^Ic. dll jLlVl (ja 4.C. J^7» £JaaJ (JJjla ^jc. (JiLdVl (J^il jA dll jldVI £Jaali] A^jjuj ^alldjjujl (jj^J J <dl jldVI 

^gic. CjUUjj dila jLl* djIjldVI diVl^. j <Jjoijj jt $ > II 11 a j <£jdllj ja jlg_a 



j M 1 J J 

JjkJjLv±mi _§ 


Overview 


dl,^ uall dljjaa 

(_)^_jujI ^jj£j (. ijj^ A.'v.a j2l - | 

l^Uadl j c^UV! 4ilS2 JJSj -2 

4_ilaxll jl 4 n^xill £,lj^l ~ i 1 ‘' q *^ — 2 

(Jjlsdll j AildaVI 4_1 j^juj -4 
diblixll j 4_JjLu 1! ^jall JtU Jlill l-jjSI uj^ 4-*-^all dil jLIVI -5 

<U jg fcnj j $.UadVI (j^L4 did -6 

(J^jujI a jl ix .all j (. _ ii^jiill _2 


dldLdJl jlajua l_ujjj 





j A_Lg£Lj ^ j^julaII j A_Lg£Ij ^ j^)juux]| j A_Lg£Ij ^jl^<a\l ClLa JU^<a A_l3 ^j^SLj -laJaHll (_£ jJjuui ^JxVI (_£ ^IijuaaII 

djLd J)b-A JiJ A_lS ^aJJ j A_Lg£L ^ j^)ju1a]| 

111 J U^*sfl J A_i3 ^JJ ^1 CjUIaxSI j (jl^^ll jl £3 ^a 1I ^jJajJ <_£a 3I jA j ^ <_£ jIxjaaII 

PLC 

CjU j pg Jl j! op JIa pic Jl uj^ j CjIc. jjoJI (jj^j ^£^111 CjUIaxII ^ jILuaaII 

djljlil^ J (.** )\ Kx\ >>A QjZ Vill ^liaj 

J] CHiliaU J cljluiluiaJl ^jc- Ax.^)ju 1 lA^. ‘A^J i» A^Q^Lt-Q Jill ^ 111 AiloH j CjLajLud^Jl (_£ jiLuO-Q 

pic 


1- Interbus-S 

^ >>>» J pic Jl ^aAVn*ij v j A-Lls CjLa jlxxJ j Ax. jjudJ J Ja£3 dj|Ail<JI J C')\ ml m^ll q X CjLg jlx* Jiil ^A^lLaaJ 

phOIlix J^> <^l JJ £ J^l jA j 

2-profibus ( process field bus ) 

AAxJ CAlAiloll j C* )\ ml kk\-\W ClLo ,^Ll-q Jill A k\ i. >»Nfl j djLa ^lx-4 Jill ><o* JJ pic Jl 1 >^ijl ^aAVlmJ j ^pJ ^Uaj 

3-AS-I 

<_£^kl ClLd^lx-o Llajl j Ax.^)jaiJ Jl j ^ la ClLa ^ix-a Jiil (jj3^)la (j-a A^lj Jjl£j CjlAilftll j dLoaLatiJl JJaj 


4-CAN ( controller area network 


jUjxII ^ Cj!AjI£ 1 I aax JJij ^ bosch , intel <£ Ja$ c> 


SIEMENS ( simatic S7-300 ) J 


1-MPI ( multi-point interface 



3-PROFI-BUS 




FMS ( field bus message specification ) f - »a ■ > » ».» pic J' ^ jl - 1 
PROFIBUS-DP ( distributed peripheral) pic ejUjkJI JL *1 ■ j*.l Jajjl -2 

Profibus-PA -3 

MPI ( multipoint interface ) 

pg, pic , op £» JajjH -lass siemens J 

CuU 22 Jii ^ j pic 32 j*. -lajj jLm 

pg , pc,hmi,plc J' 4 j » 8 -WLm o' pic 

187.5 kbit , 12 mbits Jhl' 
cjLjiJl bus, tree u^> 

RS485 10km , ls^' 


CONFIGURATION OF A MPI NETWORK 

The configuration of an MPI network is shown as follows: 


SIMATIC S7-3 00 



I MPI add i'.: 2 

I 


Operator Panel OP7 



| MPI add I.: I 

J 


SIMATIC 57-300 



| MPI addr,: 4 

J 


Mas 10 Repeater 


I I 

J L 


PC or program device 
with MPI interface 



Terminator: ON 


Terminator: ON 


cjIjjLaIIj Ajlaujoi V I ajV j ^L<i50 32 1 (j-® j 32 



Segment Node Repeater 




XZ\ 


Example of a tree structure under the use of repeaters 


pic J' on -lajjll 

Cpu31x cpu412 cpu413 cpu414 cpu416 





Max 8byte 32byte 32 byte 32 byte 32byte 


JU1I £-Lul Jajjll 




Then click on-> Properties. 


Properties - CPU 314C-2 PtP - 1R0/S2) 


Trne-of-D ay Interrupts | Cyclic Interrupt | Diagnastics/Clock | Protection ] Communication 
Generd | Startup Cycle, ''Cluck Memory | Retentive Memory | Interrupts 

5 hort D ascription: CPU 31 4C-2 FtF 


Order NoV frmware 
Name: 

Interface 

Type- MPI 

Address: 2 

N et worked: No 


48 KB work memory; 0.1 ms/1 OCO instructions; D 1 24/D 01 6; AI5/A02 
integrated; 4 pjlse outputs (2.5 kHz); 4 channels counting and 
measuring incremental encoders 24 V (60 kHz); integrated petitioning 
function; MPI 4 PtP attachment (RS-42224B5 (ASCII, 39G4(R), RK51 2)1 

6ES7 31 4-6BFOO-DABO / V1.0 

|CPU 31 4C-2 PIP 


~ 1 Click on 'Properties' 



Comment: 



OK 


Cancel 


Help 





Properties - MRI interface CPU 314C-2 PtP [R0/S2] 




Choose highest MPI 
address? 


Specify transmission 
rate? 







MPI(1] 


GD T able E dit I nsert PLC View Whdow Help 


ilfj MPI[1] (Global data] - startup 


>G4.1 


Global data table 


a|a| m M 1 1 M M | k| 


GD ID 


® 1 . 1.1 


SIMDTIC 

3tMMl>\ 

CIV 314C-2 PtP 


SIMR1IC 

3C0<2>\ 

CPU 314C-2 PtP 


Q4.0 

inijso 


M20 . 1 


QTfS 




10. 1 


Function not possible! 

The received input 10.1 is written by 
the reading process-image input table 
(Pll). If the output Q4.0 is not received, 
the output cannot be assigned in the 
control program of the receiving CPU. 
The I/O range cannot be transferred. 


PROFIBUS 
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Overview 



□ Solution for all your Automation Needs 

00000 


Overview 

Date 09/06/00, Page 8 




Overview 


□ Solution for all your ... (continued) 

El 1,900 products from more than 280 different vendors 


Software 

Drivers 




Controllers 


Network 

Components 





PC Boards 


HMI 



...see Electronic Product Guide on www.profibus.com for complete list 


Overview 

Date 09/06/00, Page 9 




Overview 




□ Solution for all your ... (continued) 

0 Peer-to-Peer (Fieldbus Message Specification - 
FMS) 

S Connection oriented communication 
S Definition of communication objects 
S Transmission rate up to 12 Mbaud 
s Several masters can participate 
S Master-master communication 
s Several master can write to the same field device 
S Up to 244 bytes of user data 



Overview 


□ Solution for all your ... (continued) 

0 High Speed I/O (Decentralized Periphery - DP) 
S High speed data exchange 
S Transmission rate up to 12Mbaud 
S Several masters can participate 
S ONE master ONLY can write to a field device 
S Up to 244 bytes of user data 
S Same cables & components as Peer-to-Peer 

M 

S Operation together with Peer-to-Peer in one 
network possible 




ldJJJ 
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Overview 


□ Solution for all your ... (continued) 

0 Hazardous Area (Process Automation - PA) 

S Protocol is DP - PA field devices are controlled by 
standard DP Master 


S According to IEC 1158-2 - different physical setup 
S Transmission rate 31.25kbaud 
S Power and data are transferred via the same wi 



Overview 


□ Reliable & Future Oriented 


0 ...because PROFIBUS is deterministic 


0 ...because methods for diagnostic & error detection 
are built into the system 


0 ...because PROFIBUS International ensures the 
quality together with test labs 


0 ...because a detailed test & certification 
available & established 



Overview 


li jjj 



Bus Physics <& Wiring 


□ PROFIBUS wiring/installation can be done with 
s Copper 


P-53 / 



S Fiber optic 


S Infrared & RF components 











Bus Physics <& Wiring 

□ PROFIBUS Segments - Repeater 

Segment 1 




Segment 1 


Segment 2 


s 





Bus Physics <& Wiring 


□ PROFIBUS Segments - Nodes/Devices 
S Up to 126 addressable nodes per network 
S Up to 32 devices per segment 

□ What counts as “device”? 



PROFIBUS 
Nodes (e.g. I/O) 



±±JJJ 


Bus Physics <& Wiring 


□ PROFIBUS Segments - Example 

| Address #0 [ \ Address #30 | 







No Address 


Up to 126 
addressable 

. nodes per 

| Address #31 | . ■ ■ ■ | Address #60 | network 


]■■■( 


Address #120 ... Address #91 




| No Address | 

ilJ 



No Address 


J-C 


Address #90 L... Address #61 



Up to 32 
devices per 
segment 


P_ 


Address | Address #125~| 

m 


JL 



Bus Physics <& Wiring 


□ Installation - Shielding & Grounding 

S Improves EMC behavior 

S Provides a low impedance (short) return path for noise and 
current 

S Reduces the emission from the bus 







p 

n 

1 

i i 

©i 

10 


©i 










Shield is not always connected to 
protective GND within the devices; 
therefore, make sure the cable shield 
will be connected to GND before it 
enters or leaves the cabinet 



S 
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PROFIBUS Basics 


□ High-Speed Data Exchange - Startup Sequence 


Power ON/ 

Reset J 



Power ON/Reset of Master or Slave 


Download of Parameters into the Field 
Device (selected during Configuration 
by the User) 

Download of I/O Configuration into the 
Field Device (selected during 
Configuration by the User) 


Cyclic Data Exchange (I/O Data) 
and Field Device reports Diagnostics 



S 






PROFIBUS Basics 
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PROFIBUS Basics 


□ Parameterization (continued) 

V Parameter selection with Configuration Tool 


PROFIBUS address: 
Station name: 

Station type: 

Order number: 

932SH 


| DP slave<3> 

B-4AI-2 


Meas. Type l Meas. Range CH 1 


DP 

I6ES7 1 34-0HF01 -OXBO 


Diagnostics Alarm 


Limit Value Alarm 


Parameter name 


Channel Not Activated 

s 

Voltage 

+A10V 



Voltage 

+A2.5V 


Voltage 

47- 1.25 V 

zl 


Parameter value: 


enable 

disable 


Voltage +/-10 V 

Voltage +/-10 V 

Meas. Type /Meas. Range CH 2 Current 4 ... 20 mA 

Meas. Type /Meas. Range CH 3 Current 0.. ,20 mA 


Meas. Type /Meas. Range CHO 
Meas. Type /Meas. Range CHI 


Upper Limit Value CH 0 


Lower Limit Value CH 0 


Fewer DIP Switches - NO Handheld - NO Extensive Additional Documentation | 
User defines every Function in ONE Tool. 



S 





□ Possible I/O Selections described in GSD File 

□ Processed by Configuration Tool 

□ Selected at Configuration 

□ Examples 

S 8DI (1 Byte), 8DO (1 Byte) 

✓ 2AI (2 Words), 2AO (2 Words) 

S RS232 Interface, Counter Module 


lujj 


PROFIBUS Basics 


□ High-Speed Data Exchange - Configur; 


Configuration Download (up to 244 bytes) 


Slave 


Configuration Data 


Master 


= Confirmation (Data Received) 


11J JJ 


PROFIBUS Basics 


□ Configuration Tool (continued) 

s I/O selection with Configuration Tool 







x| 











Identifier 

Module 

Comment 

1 address 0 address 

±. 

OK 


Config for Slotl 
Config for Slot2 
Config for Slot3 
6ES7 321 -1 BL00-0AA0 32DI 



Elg Module selection tor position 5 








GES7 321 -7RD00-QAB0 

4DI 


1 Apply | 


GES7 321-1FF0--0AA0 

8DI 




GES7 321-1BH0--0AA0 

16DI 


Close | 


GES7 321 -1 EH0*-QAA0 

1GDI 

J 



GES7 321-1BH5--0AA0 

16DI 


Help 


GES7 321 -1 FF00-QAA0 

8DI 


z_I 1 


6ES7 321 -1 FF01 -QAAO 

8DI 




GES7 321-1BH00-0AA0 

16DI 




GES7 321 -1BH*1 -QAAO 

16DI 




6ES7 321-1EH00-0AA0 

1GDI 




GES7 321 -1EH01 -QAAO 

1GDI 




6ES7 321 -1 BH50-QAA0 

16DI 




GES7 321 -7BH00-QAB0 

1SDI 





BSSOHHHHI 

■ , 



6ES7 321 -1 EL00-QAA0 

32DI_ 

zl 







PROFIBUS Basics 


□ High-Speed I/O • Data Exchange & Diagnostics 


Data Exchange (up to 244 bytes) 



Slave indicates diagnostics to report 

A 





■ Output Data = Input Data = Diagnostic Indicator 




PROFIBUS Basics 


□ Data Exchange & Diagnostics (continued) 

Diagnostic Request and Response (up to 244 bytes) 




Data Exchange (up to 244 bytes) 




PROFIBUS Basics 






□ Diagnostic Response (continued) 


Up to 244 Bytes 



Header 



Header 



6 Bytes 


Device 


Identifier 


Channel 

Mandatory 


Related 


Related 


Related 


(Optional) 


(Optional) 


(Optional) 








o< 






,<' c : 




PROFIBUS Details 


□ PROFIBUS DP Services 


Master Class 1 


□ Read Diagnostic 

□ Upload, Download 

□ (De)Activate Parameters 

□ (De)Activate Slaves 

□ Set Operation Mode 


\ 


□ Controls the Field Devices 

□ Parameterization 

□ Configuration 

□ Cyclic Data Exchange 

□ Read Diagnostic 


\ 




□ Read Diagnostic 

□ Set Station Address 

□ Read Configuration 

□ Read I/O 

□ Take Over Control of 1 Slave 

S Parameterization 
S Configuration 
S Data Exchange 



Field Device (Slave) 
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jggj-y PROFIBUS Details 

□ Electronic... (continued) 

^ Each slave/class 1 master device needs an Electronic 
Device Data Sheet (= GSD file) 

S All features/characteristics/parameters of the device 
are defined in this file 


S Simple text file (ASCI I -format) 

S Information out of the data sheet is read by 
configuration tools 

S File is created by device manufacturer 

S On www.profibus.com you’ll find... 
x ... a GSD editor tool to create data sheets 
x ... a GSD checker (included in the editor) 
x ... a GSD library 



li j jj 


PROFIBUS Details 


□ Electronic... (continued) 

s File extension identifies language 
S “.gsd” as minimum requirement (language should be English) 
✓ Either “.gsd” or all other 

x English = “.gse” M 


x French = “.gsf” | 
x German = “.gsg” 
x Italian = “.gsi” | 
x Portuguese = “.gsp” 
x Spanish = “.gss” 



S 
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jMafj PROFIBUS Details 


□ Electronic... (continued) - File Structure 


#Profibus_DP 


;<Prm-Text-Def-List> 
PrmText = ... 


;<Ext-User-Prm-Data-Def-List> 
ExtUserPrmData = ... 


EndExtUserPrmData 


;<Unit-Definition-List> 
GSD_Revision = ... 


;Slave-specification 
FreezeModesupp = ... 


;<Module-Definition-List> 
Module = ... 


Text Description For Parameters (O) 


Extended Parameter Definition (O) 


General Data (M) 


Field Device Related Data (M & O) 


Module (I/O) Definition (M) 
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PROFIBUS Details 


□ File Structure... (continued) 

: l I# a m sil » a b ggiiaai^iiai'a e 


File A 
il Keys 

1_supp (E 
_supp (6 
5_supp ( 
!_supp (6 
supp (67 
.supp (BE 
supp (68 
supp (61 
'5_supp ( 
i_supp (5 
)_Revisic 
Jware_Rf 
it_Numbe 
TsdrJ.5; 

T sdr_1 2h 
TsdrJ 87- 
T sdrj 9. 

T sdr_3M 
T sdr_50C 
T sdr_6M 
T sdr_9.6 
Tsdr_93. 
lel_Name 
ocoljder 
ision (52) 
ware_Re 
ion.Type 
dor_Nam 


#Profibus_DP 

GSD_Revision 

Vendor_Name 

Hodeljtame 

Revision 

Ident_Number 

Protocol_Ident 

Station_Type 

FMS_supp 

Har Avar e_Rele as e 
Software Release 


• General Info 

= 1 

= "GE Fanuc" 

= "VersaMax NIU" 
= "1.05" 

= 0x086A - 


9 . 6_supp 
19 . 2_supp 
93 . 75_supp 
187 . 5_supp 
500_supp 
1 . 5M_supp 
3M_supp 
6M_supp 
12M_supp 

MaxTsdr_9 . 6 
MaxTsdr_19 . 2 
MaxTsdr 93.75 


- Network Baud Rates Suppo^s^d • 
= 1 




11JJJ 


PROFIBUS Details 


□ File Structure... (continued) 


ief_086a.gsd] 1 

* Extras Wndow Help 

& 6B 3 to 9* 



File ± 

MaxTsdr_3M 

= 2 50 


il Keys 

MaxTsdr 6M 

= 450 


Lsupp (6 

MaxTsdr_12M 

- 800 


_supp (6 




5_supp ( 

1 ; PROFIBUS^PEatures 

Lsupp (G 

Freeze Mode supp 

- 1 


supp (67 

Sync Mode supp 

- 1 


.supp (6! 

Aut o_B aud_supp 

- 1 a- 


supp (68 

Set Slave Add supp 

- 0 


supp (61 

1 Min Slave Intervall ■ 1 


5_supp( 

1 • 



_supp (5 


»_Revisic 

Modular Station 

- 1 a- 

— 

lware_R< 

Max Module 

- 65 

; Max Nv 

it_Numbe 

Max Input Len 

- 244 

; Max le 

Tsdi_1.5 

Max_Output_Len 

- 244 

; Max le 

Tsdr_12F 

Max_D at a_L en 

= 375 

; The sv 

T sdi_1 8? — 

Max Diag Data Len 

- 11 

; Max imi 

Tsdi_19. 

Slave Family 

- 3 

; Slave 

Tsdr_3M 




Knr 







^Synchronization of Input Data 

Supported 

^Synchronization of Output Data 
Supported 

1 transmission Rate Detected by Device 


0=Address can NOT be set via PROFIBUS 

1=Station Expandable 


Length Definitions for Modular Stations | 

Maximum Number of Diagnostic Data 
Reported by the Device 

Used by Configuration Tool 





PROFIBUS Details 


□ Data Exchange - SYNC/UNSYNC 

s In Normal Mode, When the Outputs Are Received by the Slave 
ASIC, They Are Immediately Given to the Slave Firmware for 
Writing to the Physical Outputs 

Outputs to Slave 

MASTER 


•/ When a SYNC Control Command is Sent, the Last Set of Received 
Outputs is Transferred to the Slave Firmware and Then This 
Transfer is Blocked 


MASTER 


MASTER 


Outputs to Slave 


S Normal Mode Operation Resumes After an UNSYNC Command 
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jMafj PROFIBUS Details 


□ Data Exchange • SYNC/UNSYNC 

Receive Buffer User’s Buffer 


Outputs (x) to Slave 3 | 

DATAx 

1 1 


1 1 


1 Physical Outputs = x 



Outputs (y) to Slave 4 


1 Physical Outputs = y 


Time Lag Between Data 
Appearing at Physical 
Outputs of Different Slaves 


Outputs (z) to Slave 5 

DATA z 

J 


1 Physical Outputs = z 


: 1 

DATAz 



SYNC Broadcast 


1 Physical Outputs = DA TA 


1 Physical Outputs = DATA 


Data is Immediately 
T ransferred to User’s 
Buffer & Physical Outputs 
Appear “Simultaneously” 
For All Slaves in Groups 
Indicated 


Outputs (a) to Slave 3 

DATA 





Outputs (a) to Slave 4 

DATA 






Outputs (a) to Slave 5 

DATA 





UAIA muiucueu 

to User’s Buffer Is 

W r~^— 1 Physical Outputs = y r B locked...Only 

I _l Buffered in Receive Buffer 

I 1 Physical Outputs = z for All Slavas in Groups 

DATAz \ * Indicated 


X 

X 

X 
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PROFIBUS Details 


□ Data Exchange - SYNC/UNSYNC 

Receive Buffer User’s Buffer 


SYNC Broadcast 


] Physical Outputs = a 



1 Physical Outputs = a 


TDATA r 


1 Physical Outputs = 


Data is Immediately 
T ransferred to User’s 
Buffer & Physical Outputs 
Appear “Simultaneously” 
For All Slaves in Groups 
Indicated 


Outputs ( ) to Slave 3 


Outputs (b) to Slave 4 

DATAb 





I 1 Physical Outputs = a 

DATA : ► 

I 1 Physical Outputs = 

DATA 


I 


Data T ransfer to User’s 
Buffer Is Blocked... Only 
Buffered in Receive Buffer 
for All Slaves in Groups 
Indicated 


Outputs (b) to Slave 5 

DATAb 

„\ 


/ 


UNSYNC Broadcast 



S 
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m&Tj PROFIBUS Details 


□ PROFIBUS Message Structure 


SD 

LE 

LEr 

SD 

DA 

SA 

FC 

DSAP 

SSAP 

DU.. 

FCS 

ED 

0x68 

X 

X 

0x68 

X 

X 

X 

0x3D 

0x3E 

x .. 

X 

0x16 


SD: Start Delimiter 

LE: Net Data Length (DU) + DA, SA , FC, DSAP, SSAP 

LEr: Length repeated 

DA: Destination Address (Where the message goes to) 

SA: Source Address (Where the message comes from) 

FC: Function Code ( FC=Type & Priority of Message) 

DSAP: Destination Service Access Point (Communication Port of Receiver) 
SSAP: Source Service Access Point (Communication Port of Sender) 

FCS: Frame Checking Sequence 

ED: End Delimiter 



S 


jmjBJbTJ 3 PROFIBUS Details 

□ PROFIBUS Character Format 


Start 

Data 

Data 

Data 

Data 

Data 

Data 

Data 

Data 

Parity 

Stop 

Bit 

Bit 

Bit 

Bit 

Bit 

Bit 

Bit 

Bit 

Bit 

Bit 

Bit 

“0” 

0 

LSB 

1 

2 

3 

4 

5 

6 

7 

MSB 


“1” 


Each character is 11 bits 
(Start-, Stop-, (Even) Parity- and 8 Data bits) 
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jMafj PROFIBUS Details 


□ Communication Ports (Service Access Points) 
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ITTJt PROFIBUS Details 

□ Communication Ports (continued) 



F u notion 

DP M as te r 

DP Slave 

Dec. 

Hex 

Dec. 

Hex 


D ata_E xc h a n g e 

- 

- 

- 

- 


R D _ln p 

62 

3 E 

56 

38 

R D_0 utp 

62 

3 E 

57 

39 


S lave_D iag 

62 

3 E 

60 

3 C 

(jt L 

S et_P rm 

62 

3 E 

61 

3D 

cm. 

C h k_C fg 

62 

3 E 

62 

3 E 


G et_C fg 

62 

3 E 

59 

3 B 

G lo b a l_C o n tro 1 

62 

3 E 

58 

3 A 

S et_S la ve_A d d 

62 

3 E 

55 

37 
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PROFIBUS Details 


□ Startup Sequence (continued) 


Power ON/Reset of Master or Slave 


Download of Parameters into the Field 
Device (selected during Configuration 
by the User) 

Download of I/O Configuration into the 
Field Device (selected during 
Configuration by the User) 




Cyclic Data Exchange (I/O Data) 
and Field Device reports Diagnostics 


S 
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mmr PROFIBUS Details 

□ Startup Sequence - Parameterization 


SD 

LE 

LEr 

SD 

DA 

SA 

FC 

DSAP 

SSAP 

DU.. 

FCS 

ED 

0x68 

X 

X 

0x68 

X 

X 

X 

0x3 D 

0x3E 

x .. 

X 

0x16 


Up to 244 Bytes 



/ n n 

/ 



7 Bytes 

f X 

Mandatory 



Device Specific 
(Optional) 
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PROFIBUS Details 


□ Parameterization (continued) 

S Parameters are sent once after Power On/Reset 
S First 7 bytes are mandatory for every field device 

S Mandatory parameterization consists of: 

* Response Monitoring Time 

* 1"sdr Time for Master/Slave Timing 

* Freeze/Sync Mode 

x Lock or Unlock Slave for this Master 
x Assignment to Group 
x Master Address 

* Ident Number 

S Slave confirms receipt with short acknow 



s 
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j§§J-y PROFIBUS Details 

□ Parameterization (continued) - Mandatory 



i 7 ~--J) 

I IN II II 


Octet 1 


in 


-Reserved 

-WD_ON (1=Response Monitoring (Watchdog) Activated) 
-Freeze_Req (1=Support of Freeze Mode Required) 
-Sync_Req (1=Support of Sync Mode Required) 

-Unlock (See Table below) 

-Lock (See Table below) 



Lock 

Unlock 

Meaning 

0 

0 

Min TSDR and User Parameters are allowed to be overwritten 

0 

1 

DP-Slave is NOT locked for other Masters 

1 

0 

DP-Slave is locked for other Masters; all parameters are accepted 

1 

1 

DP- Slave is NOT locked for other Masters 

S 
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PROFIBUS Details 


□ Parameterization - Mandatory (continued) 


- - — " 


Octet 2 


Octet 3 


Octet 4 


Octet 5 


Octet 6 


Octet 7 


WD Fact 1 



] WD_Fact_2 (Watchdog (s)=10ms * WD_Fact_1 * WD_Fact_2) 


] t sdr (Time the field device waits before it responds) 

I ^ 

r 


] PROFIBUS Ident Number (high byte) 


] PROFIBUS Ident Number (low byte 

] Groupjdent (8 groups; bit x is set -> devices belongs to group x) 
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mOfj PROFIBUS Details 

□ Parameterization (continued) - Device Related 


S Each device can use Octets 8 - 244 for device/ 
module-related information (e.g. startup 
information) 

s Takes the place of DIP switches (e.g. set range 
measurement for an analog channel) 
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PROFIBUS Details 


□ Parameterization (continued) - Example GSD File 


Module = "6ES7 135-4GB00-0AB0 2 AO I "0x61 

Ext_Mo dule_P rm_D at a_L en = 7 

Ext_User_Prm_Data_Const (0) = 0x60,0x00,0x00,0x00,0x00,0x00,0x00 
Ext_User_Prm_Data_Ref ( 1) = 10 
ExtUserPrmDataRef (1) 

ExtUse r_P rm_D at a_Ref (1) 

Ext_Us e r_P rm_D at a_Ref (1) 

ExtUserPimDataRef (2) 

ExtUserPimDataRef (2) 

Ext_User_Pnn_Data_Ref (3) 

Ext Use r_P rm_D at a_Ref ( 5^ 

EndModule 


ExtUserPrmData 
BitArea (0-3 ) 3 
Prm_Text_Re£ = 
EndExtUserP] 




Parameter name 

Value 


23.0 

Group diagnosis 

disable 


23.2 

Diagnosis: Wire break 00 

enable 


>0 

Diagnosis: Wire break 01 

enable 



Behavior at CPU-STOP 

Output de-energized 



Output type/area 00 

Current 4.. 20 mA 



Output type/area 01 









PROFIBUS Details 


□ Startup Sequence (continued) 


Power ON/Reset of Master or Slave 


Download of Parameters into the Field 
Device (selected during Configuration 
by the User) 

Download of I/O Configuration into the 
Field Device (selected during 
Configuration by the User) 


Cyclic Data Exchange (I/O Data) 
and Field Device reports Diagnostics 
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mOfj PROFIBUS Details 

□ Configuration (continued) 

S Configuration is sent once after Power On/Reset 

x Master sends configurations to Slaves 

- any device-specific configuration 

- I/O configuration 

S Slave confirms receipt with short acknowledge 

x acknowledge configuration (Short Acknowledge “E5”h) 
x check configuration information for validity 





1 


1 PROFIBUS Details 

' Date 06/22/00, Page 26 
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PROFIBUS Details 


□ Configuration (continued) - Simple Format 


Additional Configuration Data (Simple and/or Special Format) 


i 7 "-4) 




l I l I 


Identifier 1 (1 Byte per Module for Simple Format) 


-Data Length for Input and/or Output Data (NOT for Special Format) 
0000=1 Byte/Word... 

1111=16 Bytes/Words 

-Data Definition 

00=Special Format (see page 28) 

01=lnput 
10=Output 
11=lnput & Output 

-Size Data Unit (NOT for Special Format) 

0=Byte 
1=Word 

Data Consistency (NOT for Special Format) 

0=Byte/Word 
1=Whole Length 



S 
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jMafj PROFIBUS Details 


□ Configuration (continued) - Example Simple Format 


ol 

□ 

□ 

0 

□ 

0 

□ 

Li 


I I I I 


-Data Length 
1010=11 Words 

-Data Definition 
10=Output 



-Size Data Unit (NOT for Special Format) 
1=Word 


-Data Consistency (NOT for Special Format) 
0=Word 




PROFIBUS Details 


□ Configuration (continued) - Special Format 


Header 


IIIIIIIIIIIIIIIIIIIH ^ 


' 

\ s 

\ 

\ s v 

N 

I/O Data 
Specification 

Vendor A< 

Specific Data (Sirr 

Jditional Config Data 
lple or Special Format) 

Header 


! 7 "O' 

I I I I I I I I I 


TTTT 


-Length of Vendor Specific Data 
0000=No Data 
0001-1110=1-15 Bytes 
1111=No Data 

-00=Special Format (FIXED) 

-Input/Output 
00=No I/O 

01=One Byte for Input Data Specification follows 
10=One Byte for Output Data Specification follows 
, 11=One Byte for Output & 1 Byte for Input Data Specification follows 


S 
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□ Configuration (continued) - Special Format 


Header 




' S N 

\ N 

\ ' 

\ N 

1 ' S v 

S s 

N 

X 

I/O Data 
Specification 

Vendor A< 

Specific Data (Sirr 

Jditional Config Data 
lple or Special Format) 

Header 


0 "' 




-Data Length for Input or Output Data 
000000=1 Byte/Word... 

111111=64 Bytes/Words 

-Size Data Unit 
0=Byte 
1=Word 

-Data Consistency 
0=Byte/Word 
1=Whole Length 
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□ Configuration (continued) - Example Special Format 


0 

1 

0 

0 

0 

0 

1 

1 

1 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

1 

1 

1 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

0 

1 


1 Byte for Input Data Specification & 3 Bytes 
Vendor Specific Data follow 


36 Bytes of Input Data with Consistency 
over whole Length 

3 Bytes of Vendor Specific Information 



S 
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□ Configuration (continued) - Example Telegram 


1 / l 

1 

1 / ' 
' / 1 

\ 

\ 

\ 

\ 

■ 

1 st 

Module 

2nd 

Module 

3rd 

Module 


= Simple Format 
= Special Format 
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□ Configuration (continued) - Example GSD File 



Ext_User_Prm_Data_Ref ( 16) =128 
EndModule 

Module="6ES7 32 1-1FF0*-0AA0 

EndModule 

Module*" 6ES7 32 1-1BH0*-0AA0 

EndModule 

Module="6ES7 32 1-1EH0*-0AA0 
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□ Startup Sequence (continued) 



Power ON/Reset of Master or Slave 


Download of Parameters into the Field 
Device (selected during Configuration 
by the User) 

Download of I/O Configuration into the 
Field Device (selected during 
Configuration by the User) 



Cyclic Data Exchange (I/O Data) 
and Field Device reports Diagnostics 




S 
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□ Data Exchange (continued) - Example GSD File 


» % * e 2 a t it; aaoisn pn 


S7HeaderCnf=3 

OnlySpeeialModules=l 

DiagBuf ferable=l 

Of£setFirstHPDBlock-3 

ETERDe lay-200 

MaxResponseDe lay=2 

Freeze_Mode_supp=l 

Sync_Mode_supp= 1 

Auto_Baud_supp= 1 

Fail_Sa£e-l 

MinSlavelntervall* 1 

Max_Diag_Data_Len=29 

Modul_0££set=*l 

Slav e_F ami. ly“3BTdF@ ET2 00M 


Max_Module=ll 
Max_Input_Len= 128 
Max_Output_Len- 128 
Max Data Len=256 



s 
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□ Startup sequence (continued) - Diagnostic 

□ When does the master request diagnostic? 

S Before sending the parameter download to make sure 
the field device is available 

S Before entering the data exchange mode to validate 
parameters and configuration and make sure the field 
device is ready 

S During data exchange whenever indicated by the field 
device 
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□ Diagnostic (continued) 



Are you there? 

Check whether fiel d device is available) 


Parameters & configuration ok? 
(Validation of download) 

Are you rea dy for data exchange? 


What happened? 

(Master fetches diagnostic as indicated by 
field device) 
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□ Diagnostic (continued) - How is it indicated 
during the Data Exchange? 


SD 

LE 

LEr 

SD 

DA 

SA 

FC 


FCS 

ED 

0x68 

X 

X 

0x68 

X 

X 

OxOA 

x .. 

X 

0x16 


Up to 244 Bytes 


Application Specific 
Data 
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□ Diagnostic (continued) - Request to Field Device 


SD 

LE 

LEr 

SD 

DA 

SA 

FC 

DSAP 

SSAP 

FCS 

ED 

0x68 

X 

X 

0x68 

X 

X 

X 

0x3C 

0x3E 

X 

0x16 
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□ Diagnostic (continued) - Mandatory 



Diag.Station_Non_Exist (Field device doesn’t answer; set by master) 
Diag.Station_Not_Ready (Field device not ready for data exchange) 
Diag.Cfg_Fault (Error in configuration data) 

Diag.Ext_Diag (Field device reports extended diagnostic information) 
Diaq.Not Supported (Requested feature not supported bv field device) 
Diag.lnvalid_Slave_Response (Set bv master) 

Diag.Prm_Fault (Error in parameter data, e.q. Ident Number) 
Diag.Master_Lock (Field device controlled bv another master: set bv master) 
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□ Diagnostic - Mandatory (continued) 




Diag.Prm_Req (Field device needs to be paramterized) 

Diag.Static_Diag (Field device can not provide valid data) 
always set to “1” 

Diag.WD_ON/OFF (Response monitoring in field device activated/de-activated) 
Diag.Freeze_Mode (Field device is operating in FREEZE mode) 
Diag.Sync_Mode (Field device is operating in SYNC mode) 

Reserved 

Diag. Deactivated (Set bv master) 



li J J J 


PROFIBUS Details 


□ Diagnostic - Mandatory (continued) 


I. , _ 


Octet 3 




-Diag.Ext_Overflow (Too much extended diagnostic data) 



Octet 4 


Octet 5 


Diag.Master_Add (Address of controlling master: FFh if none) 
| | | | | | | | | PROFIBUS Ident Number (High I 


0ctet 6 | | | | | | | | | PROFIBUS Ident Number (Low 
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□ Diagnostic (continued) - Optional: Device Related 




Up to 62 bytes Device Related information 


Header 

/ 

/ 


/ 

/ 

OIIUUIU Uc UubulllJcU 111 OOU Tilt; 


" 'i'i'i'i'i'i' 

I — I — I — I — I — I — Data length 

(including header) 

00 (Fixed) 



i 

K 

1 PROFIBUS Details 
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□ Diagnostic Device Related (continued) - Example 
GSD File 


S e t_Slav e_Add_supp 
MinSlav e_Int e rv all 
ModularStation 
ModulOff set 
Fail_Saf e 
Slav e_F ami ly 


= 30TdF0WINbloc 


Unit_Diacj_Bit (0 ) 


= "FIELD VOLTAGE HISSING" 


Use r_P rniD at a_L en 

Module 

EndModule 


0x00 

1 "DP-Koropaktgeraet CNT" 0x5: 


SMSM 



Meaning: Bit 0 of the Device Related 
Diagnostic is set to “1” - Field 
voltage missing! 


S 
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□ Diagnostic (continued) - Optional: Identifier Related 




Based on modular system 
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□ Diagnostic Identifier Related (continued) - Example 


0 

1 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 



s 
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□ Diagnostic (continued) - Optional: Channel Related 


Octet 1 




Identifier number 
10 (Fixed) 


Octet 2 


II 




■Channel number 
■01 = Input 

10 = Ouput 

11 = Input/Output 


Octet 3 


11 


-Error type - 
-001 = Bit 

010 = 2 Bit 

011 =4 Bit 



100 = Byte 

101 = Word 
110 = 2 Words 


3 bytes per channel 
Pre-defined error types 
Vendor specific types possible 

1 - short circuit 

2- under voltage 

3- over voltage 

4- overload 

5- over temperature 

6- wire break 

7- upper limit exceeded 

8- lower limit exceeded 

9- error 

10- 15 reserved 

16-31 manufacturer specific 
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□ Diagnostic Channel Related (continued) - Example 


1 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

1 

0 

1 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

0 

1 

1 

1 

0 

1 

1 

0 

0 

1 

0 
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□ Data Exchange (continued) - DP Master 

□ Four main operation modes for a DP Master: 

S OFFLINE - No activity 

S STOP - Communication to a Master Class 2 possible; 
no communication to field devices 

S CLEAR - Master communicates with field devices; 
output data are set to “0” or output length = 0 in case 
of field devices that support “Fail Safe” feature 


S OPERATE - Standard operation mode; data exchange 
between master and field devices 




ujjj Diagnostic <& 
mmT Troubleshooting 

□ Always the 1 st step - Stay out of Trouble! 

S Installation according to PROFIBUS Installation 
Guideline (Document 2.112, available from PTO) 


S Use REAL PROFIBUS cable according to the 
standard 


S Use appropriate shielding & grounding 


s Choose a master with an “easy to use” 
configuration tool 








Diagnostic <& 
Troubleshooting 


□ Check the Physical Setup - with the BT 200 




0 Wire break/crisscross 
0 Short circuit 
0 Termination 
0 Bus scan 
0 Length 
0 Reflections 
0 RS 485 interface 





Diagnostic <& 
Troubleshooting 


□ How to use the BT 200? 

S Connect test plug with first connector and BT200 with 
last connector 

S Termination “ON” at the test plug only while testing 
the cable 

S Turn the BT 200 “ON” and press the test key 

S If everything is ok, you see the message “cabling o.k. 
(1 R)” otherwise an error message appears 


ED 


Connector 


ppjj Termination 
ON, interrupts 
daisy chain 


Test 

Plug 



s 





Diagnostic <& 
Troubleshooting 


□ How to use the BT 200? (continued) 

S In case of an error - work your way “up” 


[H 

Connector 








El 

Termination 

1 

=3 l 

■7 

□ 

1 [ 

"I 


[ 

ON, interrupts 

Test 


JbT200 



daisy chain 

Plug 

L 







□ □ 






Technology 


□ Application Specific Integrated Circuit - ASIC 


Master 


Simple Slave 


n n □ □ □ 




| ASPC2 


C 






n 

Intelligent Slave 


SPC3 

□ 12 Mbaud ( 




RS 485 


n □ □ □ □ 




S 
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Technology 


□ Simple Field Devices 


□ □ □ □ □ 

I □ 

□ □ □ □ □ 

□ 

1= 

□LSPM2 

\ 

□ □ 

SPM2 □ 

c 

11 □ 

□ 

u u u u u 


MQFB, 80 Pin, 2cm 2 


PQFB, 120 Pin, 10cm 2 


S Transmission rate up to 12Mbaud 
S DP Protocol completely integrated 
S No processor required 
S Data Volume: 

x LSPM 2 - 32 bit I/O & 8 bit diagnostic 
x SPM 2 - 64 bit I/O & 16 bit diagnostic 




Technology 


□ LSPM2 Block Diagram 

48 MHz 



Technology 


11JJJ 


□ Features LSPM2/SPM2 

0 Timer for response monitoring integrated (watchdog) 

0 Automatic detection of transmission rate 

0 EEPROM interface for station address & Ident 
Number 

0 Shift register interface 
0 I/O interface 
0 Parameterization ports 
0 Diagnostic data is specified 

0 LSPM2/ SPM2 supports all mandatory and optional 
services for field device/slave solutions 




Technology 


□ Intelligent ASICs 


ASPC2 

Application 

Master 


SPC 3 

Application 

Slave 


SPC 41 

Application 


PROFIB. PROFIBUS 
IMS 


■FayarZ 


: : i: 


: : : :p.rqfjbxjs:dp: : 


: PftOfift bis: bah ; i 


. .T1 PROFIBUS 
PROFIB^ fms 

' dp: ■ :|j — 


: WpKftU- S f wt\t : 

-f Data-Eiiik-LayerlS 
+! Ph!ysicat-Layer;S!yncJm)iious ; ! 


0 Hardware 
I— I Software 


RS 485 (max. 12Mbaud) 


PROFIBUS (intrinsic safety) 



IEC 1158-2 (31.25kbaud) 
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Technology 


□ Intelligent ASICs - continued 


[sPC3 

□ □ 

SPC41 


DPC31 

l j&SPcJ 

Trtnnnr 



□ c 


D uuuu^ 



Max. Transmission 

Rate [Mbaud] 

12 

12 

12 

12 

Transm. Medium 

RS 485 

RS485 / 1 EC 1158-2 (with SIM 11) 

RS 485 

Protocol 

DP (DPV1) 

DP/FMS/PA 

DP/DPV1 

DP/DPV1/FMS 

Message Buffer 

[kByte] 

1.5 

1.5 

6 

1,000 

external 

Housing 

PQFP, 44 Pin 

PQFP, 44 Pin 

PQFP, 100 Pin 

MQFP, 100 Pin 
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□ Intelligent ... (continued) - SPC3 

up to 244 byte automatic search 

of data \ of baudrate 


3 buffers for each: 
input & output 
data; 1 for PRM; 

2 for CFG & DIAG 


firmware available 


1.5 kByte 
internal RAM 



9.6kbd-12Mbd 



\ 




DP slave 

protocol integrated 



interface to: 

Intel (8032, 80x86) 
Motorola (HC1 1/1 6/91 6) 
Siemens (80166/80167) 



s 
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Technology 


□ Intelligent ... (continued) - DPC31 

up to 244 byte automatic search 


of data 

3 buffers for each: 
input & output 
data; 2 for PRM,-~“ 
CFG & DIAG 


of baudrate 




DP slave 
protocol integrated 



firmware available 


interface to: 

Intel (8032, 80x86) 
Motorola (HC1 1/1 6/91 6) 
Siemens (C166) 
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Technology 


□ Intelligent 


integrated 
8031 core 


100 pin PQFP 
housing 


- DPC31 (continued) 

31.25kBd 



standard interface 
for memory expansion 



Technology 


m 


□ Available Firmware for the ASICs 


a a a a a 


ASPC2^ 


□ □ □ □ □ 


□ □ □ □ □ 


SPC3 
□ □ □ □ □ 


□ □ □ □ □ 


°DPC31 


□ □ □ □ □ 


n n a a n 


^SPC41 


Master SW 
Protocol DP 
for 80165 


Slave SW 
Protocol DP 


:i::Siave;SW:^ 
Protocol DP/DPV1 



Slave SW 
Protocol DP, 
FMS,PA 


(depends on 
implementation) 
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Technology 


□ Development Kit DP & PA - Test Board 



UPEiii 


Area for additional 
applications 






s 


The RS485 Iransmission technique in PROF IBUS has the following physical characteristics: 


Network topology: 


Bus. terminated a I bolh endswilh Ihe characteristic impedence; attachmenl of 
nodes eilher direclly using bus conneclors or -nia bus temninals wilh connecting 
cables. 


Medium: 


The use of a maximum of 9 RS 485 repealers {see Chapter 5j allots a network 
span between two nodes of a maximum of 10 segment lenglhs a I Ihe appropriale 
da la rate. 

Shielded, twisted pair cable 


Possible segnent lengths: 
(depending on Ihe cane 
see Table 3.1 ) 


1,000 m 
300 m 
4-00 m 
200 m 
100 m 


for Iransmission raLes up to 
for Iransmission rate of 
for Iransmission rale of 
for Iransmission rale of 
for Iransmission rales 


93. 7B Kbps 

187.5 Kbps 
500 Kbps 

1.5 Mbps 

3. 6 and 12 Mbps 


Number of nodes: 


Maximum 32 on one bus segmenl 

Maximum 127 per network uhen using repealers 

“ 9.6 Kbps. 19.2 Kbps. 93.75 Kbps. 187.5 Kbps, BuuKbps. 1.5 Mbps. 3 Mbps. 

6 Mbps, 12 Mbps 


Transmission rate- 











Terminating Rc--ti->lor On.'Off 

Fijun S Z^frowsIhBSAlIngrEr tw lErmlrraJkig Ksiskr 


Ternihalng RhJsJxt ItaniTfllhg Ra-ddnr 

On OIT 



Pique E- 2 -Sallrpg □! tie Termm^r^ Rsr&Ktor 


Segment. 1 and 2 Terminal c-d 

Figure £■ J hnw to E>:4Thd ItK- FtS -435 repeal Is tv y>J:- bDhvnin iwo segnento 




Fly lt a £■ J CuThdh] TVho Bus iegmer^s lo llw RE- 4BE- Repe.iler (1} 







Somoni 1 Tonnm Jlod. Scymonl 2Conncolod Through 

Fiji wu =■ 4 ah owa Iha cnniaclten between two Hg-rante via an RS 4 iE- repeater wit? one scgmcnl CErnrclad 
ITOU^T 



Fgua E- 4 CoirHdten nl TVrD Ens Segment on Iha RS 4E5 Repeilv [2] 

Sagm&nte 1 -■ i ■ ■: I 2 C ounce tod Through 

Fgun E- 5 ■alw.ra Iha cimKilon os *no wgmenli via an Ri 4 SS mpe-alsr wsi"i bah LAN cabin connected 
hough on I~m rapoalar. 



Figua E- 5: CoirHdteu nl Y,\<* Eue- Segment tn Iha F:5 4 iE- Repadar ;3 j 










AS-I 



| | Centro I 

| | Cadlss 

| 1 1 CadlE assembly 

| ~~| I/O distribution matENal 


□ distribution assembly 
| | 1/tS c*irtg 

[ || cubing assembly 

| | Sersors 


Courtesy of: 


I LJ MLnchen 
Fftbf. Relnhard 
Prof MIIOErg 



Tfto various lovols in indu s 
trial communication 








Master 



I 

I 

I 

I 




Minimum conftgura- 
tionofanAS inter- 
face network 


Bus, star, or tree 
AS interface network 
configurations are possible 



max. 31 Slavas (or 6 2 A.' B S laves) together! 


The maximum length 
per AS interface seg- 
ment is 100 m. The 
net work length can 
only be extended Jo 
maximum J segments 
using extender and/or 
repeater modules. 





1 - How many inputs and outputs are needed? 

The number of inputs and outputs tells you how many AS interface net- 
works you need. 


2. How much power do Hie I/Os consume? 

The total power requirement of the required modules determines which AS 
interface power supply unit you need. As it is not possible to connect power 
supply units in parallel, a power supply unit sized to the power requirement 
must be used. 


3. Are special cables required;? 

Any combination of profiled .find round cables is possible. External conditions 
determine whether rubber, TPE or PUR cables have to be used. Repeaters or 
extenders (See Page 16) have to be used for cable lengths above 100m. 




4 . Is address assignment correct? 

For clarity's sake, a plan should be drawn up, clearly showing which addresses 
are assigned to which slaves. Double assignments are not necessarily recog- 
nised as errors by the master. 


5 h Which modules belong to which addresses? 

Modules and slaves that are addressed should be labelled clearly. 


6- When are tiie modules mounted? 

Only when points 4 and 5 have been dealt with. Cables can be routed in any way. 


7 . How is it all configured? 

The configuration is simply read in by entering the AS interface profile for each 
slave in the master. This usually happens automatically but can be done manual- 
ly in the controller software. 


8 - Are tine slaves detected? 

First you must check whether the master has recognised all its slaves. Only 
then can you switch to protected operation and switch the controller to RUN. 

^ J 


fa 

How is testing done? 

Input/output tests are performed by the familiar PLC method, i.e. the sensors 
^ are activated locally and then checked in the PLC. 


10 How do you get the whole thing up and running? 

You can either create your own controller software in the usual way or use 
existing software. In the latter c^ise, you might have to adapt the symbolic 
L assignment of addresses. 


by slave 23, o 








Tipi - Power supply unit 

On no account must AS interface bo grounded! 

Never use a normal power supply unit only AS interface power supply units 
(PELVj with integrated data da- coupling and connect "ground (GND) " with sys- 
tem ground. 


Tip Z - Network extonticnii 

Without repeaters or extenders the AS interface cable must be no longer than 
1 00 m - including all feeders to the assembly terminals! 

IF you want to expand the network please note the Fd lowing: 

Expansion with extenders: 

■ The maximum cable length between the extender and the master must be no 
longer than 100 m 

* Do not connect any slaves or AS interface network power supply unit between 
the master and the extender. 

* Never con Fuse the ,, + " and lines. 

Expansion with repeaters: 

* Up to two repeaters can be connected in series - this increases the cable 
length to maximum 300 m ji.e. 3 segments with maximum 100 ml 

* An AS interface power supply unit must be connected at every repeater. 

* Under normal conditions, an extender must not be connected beyond a repeater 


Top 3 - Slaves 

Each slave address must only be used once. Only use addresses 1 to 31 or 1 A 
to 31 B in A/B technology (Specification 2.1). 

Please note: Modules that contain chip SAP 4.0 [see operating instructions), can 
be re-addressed 15 times. After that they retain the last address. 


Tip 4 - Additional auxiliary power 

IF slaves are to be given an additional auxiliary power supply 
* A PELV power supply unit and, iF necessary, the black proFiled auxiliary power 
cable should be used For 24 V DC and, a red proFiled auxiliary cable For 230 V AC 


/ \ 

Tip 5 - Routing of tlve- cable 

When laying the AS interface cable please note the following: 

- Always use the yellow profiled AS interface cable where possible, brown for 
" + " and blue for 

■ Even whilst communication along the AS interface cable offers a high degree of 
EMC immunity, it should still be routed away from power cables, even in the con- 
trol cabinet! 

■ Every AS interface line requires its own cable. AS interface cables must not be 
laid together with others in a bus cable. 

* If individual cores are used (e.g. in the control cabinet), always lay parallel core 
pairs. In standard stranded 'wires, lay individual cores together or twist them. 

t d 

/ \ 

Tip 6 - Ensuring EMC 

Connect all inductance's, e.g. contactor and relay coils, valves, brakes, with sup- 
pressor diodes, varistors or RC elements. If frequency converters are used, 
always use network filters, output filters, and shielded motor cables. 


V 

f 

Tip 7 - Sensor and actuator power 

Sensors and actuators must be supplied directly from the associated input or out- 
put of the slave. The cables should be kept as short as possible and away from 
energy cables, i.e. the slave modules should be as close as possible to the sen- 
sors and actuators. 


f f ■ 

Tip 8 - Installation off frequency converters 

■ Always follow the assembly guidelines in the operating instructions. 

- Connect the cable shield, e.g. between filter and frequency converter and 
between the frequency converter and the motors directly at both ends with a 
large contact surface, and with a sufficient cross section (at least 4mm^i. 

* Connect all metal parts to system ground. 


V- 

Tip 9 - System expansion 2.1 

Operation of A/B slaves and "new" analogue slaves is only possible wrth a mas- 
L ter comply i ng with Sped f ication 2.1. 


Tip 10- Status/diagnostics 

For speedy diagnostics, the status and diagnostics bits should be analysed in the 
PLC. 


\r 




Standard F'LC 



Slave 

Standard-Slaves 


Slave 


Sla-ye 


Safety at vvcrk: The safety 
monitor and safety-related 
slaves give AS interface 
safety bus status 







bus way ££L*aj\\ 
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J jlc. 




diSUlj 



c??j^ '— ^ jS. J**J phase c£ cs^ V u^ja 
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Bus bars 




Horizontal 



neutral 


Neutral 


05 

E 

CL 



t 

12C volts 

I 


t 

1 2D volts 

I 


A 

A 


240 volts 


E 



1 pole , 2 pole j ei2>U£ll j Sj^VI jUill ® 


X Ground — 
(If Req'd) 

Ovenf Range 
F uma^e 


1 

-240V 3 

5 

water Hea^r , m ,g 
Hite, hen iCiA^n) ^ ^ 

HE^ GFCI 1 3 

lUt^hen Lighting ^ ^ 

Sewing Room ^ ^ 

Lfcrary (torriputer) ^ g 

F o ve r & o-j-wi 2^ 


23 


Lr^^ng Room 
Fam^y fto-omr^ing ; 25 
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29 

31 
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ic Basement 

r’v 


y"^ 

CJ 

1 b — 

i Q 5 hop Equipment 




o 

on r-cn Pa ci VPat k? /G ara qe 




n 

oo f^i_r“| Bathroom 

yv 


s~> 

o 

n ^ Mao t^r Be dro or n 

r~x 


s~^ 

n 

og Guest Bedroom 

r~v 


,r^ 

w 

n 

-jy Front Bedroom 

r~v 


-r~> 

V 

o 

3Q Nursery 

yv 


,r^ 

w 

o 

^2 BaaJ< Bedroom 




w 

o 

34 



y~>* 

w 

o 

1 G 5e t urfty System 

r~v 


r~^ 

o 

38 



j^y 

o 



o 



L^jjUa j Lf^ajVt Ground fault protection 

^ j neutral ^ jtiill j jtiill 4jjUUj ^ 

^ ^ \l ^jiL j ^ ^ cilliA <jjfL L_a!>llkVl ^-1L^ j ^jjjjLaLLd UjfL 4 




^cjI _3 -2 -\ j)\ ^ 11a (JiLd ^ j i t i\Wij ^lll <j£LaVl j 



LgjjLo^J 4 m x> 1 x>>* \ £a jl <*— J j-^- (j-° 

surge protection c> ^jUaJl 

J-^? spikes 10000 Jl 1000 <>“ J'j=h ^jJ' J' ^ Ca^^u lil Jim 

L)Ji j°j'~''l J J Jj.j'1 Jio 4 _uj^£]I o I jaxiJij Jl (_5^jJ j Ll_jjLui ^lj- 10 Jl 8 l> 

Alc-L^all (Jlil tiilll j ^y*Si A_ill j Jaj^\ ^jc. L—L^JJ I jj^all LajI^ 

I1a L_J J kli il ^ill U Ji ^aJJ j UJ^ 





circuit breakers 




jtdl (JjjLoi^VI-1 
jlnll (JjjU3-2 

Ja dl3 ^11 (j-G Ua^Jl SlC* J,^-3 

AjU i j£ji 


frame ^ ^Uaiil - 1 
contacts -lalaj -2 

arc chute assembly »j' j4JI 0 uaL^l .3 

operating mechanism AV'A?* -4 

trip unit J^l' o-^-j -5 


jLjjll dlULu jLui.1 ^ iLalc. (jjfL 33 3 I j^ill J ^Li.^11 djl^yul Jj (Jla liLiuiilJI (jx> (jj5L jllaVI - 1 

^ l ~ il j 

straight through Jj-sjjI' -Jatij -2 



Sterttio-n-arv C-onCSfdC rnrn 


jUl! fijlj j <jl Slix-a I ^ T 4 ^jujIj2j Sjl^pJl <aUa ) J^' ^'Uj cs' 

Sj^VI JSI uj^ ^ jll 



Blow apart contacts 

A-jjgLllal lat ^ CjVI ^ -all 3 (jn^C> ^jJjujJ (J£ ^)l_ii]| (_£l 1 k ^* ) <5J^>lall S^A ^gi dl£llj 

^aA^xJ <jc. dlSljJ j£ll ^Ixj) 4 Unjlil \* x>\l dlVl^all CJUtil ila <illa <jj£j 4_plxll <J| j^.V 1 (jSl j tg jJaxJ (JjjSIxj 

i^yaju (jc> dl£llj An Si A j x >n Inlix^l i**^ ^ /A I <jli ^)l_iill SjU^) Aic* j 





^jc. (Jflj I ^ X sl& 


lgia> J d£Uj j£l! ^jc. <j£LaVI ^ 6jl^)jua J Jjj (Jj^a3 ^JC. 



operating handle ± 


on off lUc- c> ^ trip ^ 


■ ,r ON‘ 


'TRIPPED 


OFF' 


4j£jjlLid 



trip unit 


jU j short circuit ^ jl jUslI (JjjIju^I Cj!^. j j Jj^li 

<lia Cj ij^ jl jLnll (_£jl^>^ll (jjjLuaikVl jl button (jjj^Ia <jc- 


Manual 

"PUSH TO TRIP" 
Button 



Adjusting Screw 


Tripper Bar 


Thermal Overcurrent 
Sensing Element 


trip 4 -a£jjI£j j * 


Operating Mechanism Held 
in Place ty Trip Mechanism 



manual trip -1 


Operating Mechanism 
Released by Trip Mechanism 



Trip Mechanism Unlocked 


overload trip ^ SjUjit Jjjla u& 



Short circuit trip 


^ jlJ jill (jjd^uudj ja & ^ jgJal \* a Jjj j-oj Jlc. jUj short circuit 5 

di£Uj j£J| Jx^>q‘i\ Sjjb 



Armature 


] 


Electromagnet 


ptjjt 


^jaulaUxAll (JL^-aILj (JjjLud^Vl (j^ “I 

^ tuj3ot \* a \\ \ x>ijl j (jC. (Jj^aall -2 

Ajli (jjJ^la ^jC- -3 


Solid state circuit breakers 

jUll A x> i'qj ^Lai^VI -1 

Ullc. jl_ii3l -2 

(J x ^adl (J x 6^)Luj| (JjuJ^JJ -3 


Power 

Source 



Protected 

Circuit 


ClJ jill 


Cj i 3 jll J jLiill (jJJ Ai!)lxll 


Slk. Jx^>qj jdllj Cj i 3 jll *Lgj 3 jLnll <UaJ3 J£J 



CO 



T J 2 3 - 4 - 5 6 ? S Sh 1 O 

Current in Amp-e-r-e-s; 


(Jj^a3 dlSj jlS Lol£ Ld£ 


1 Cycle Time in Seconds 




n 


cj q a aeisoi 

S 3 SSB^gJ 


time current characteristic curve 

l-T-E® SENTRON Tta CIRCUIT BREAKER 

FD-FRAME TYPE CFE>B t & 3 POLES 

Rt spkatior aid aw 'drum rupees nif. 33sed on ± 7 " C insist cch 
STM, tatkidiV.1 wfl i fl fefll :f mlisd vrtii '75T Cl pti' tmN toll'd n nptri ;n 
van arwt h al piles. 


G0C VOLTS 

6*3 HZ 5 30 VOLTS □ 3 

INSTANTANEOUS TRIP TABLE 

HATING 

NOMINAL INSTANTANEOUS TRIP 

AMPERES 

AMPERES 

;t.ao 

ti 0 U - U 0 L 

10C-1 ID 

7C0-1230 

125-150 

SCO-1630 

1 75-200 

9CQ-2D30 ^ 

225-260 

1103-26C0 


BREMER 

SYMMETRICAL RMS AMPERES 

PC 

MPS 

TYPE 

24'D V 1 

■1 5D V 

1 dDU V 

250 V 

500 YQ 

CfD6 

2D0kA | 

203 kA 

| 103 <A 

30 kA 12-PI 

53 kA fJ-P) 


KJ.DlQ 

9.030 

5.030 
7,0C0 

6.030 
6.030 
i.OCO 

3 ( QGQ 


1 /Jflt! 

aco 


7£>a 

■n 

m 



CJ CJ L3- U UUUU'L] 

O* -TO rh u'. i_C. rr, ,Ti o 

Multiples of Circuit Breaker Continuous Current Rating 


Time in Seconds l Cycle 


aAH 30 ^ 25 ^ j ^ jU > cjIj^ 3 ^1 cJj3 600 

A a C_ll3a j*\ lx> 





400 

Current in Amperes 



Sill Jl 4a. J c- jLilll ^aJJ 


j&\ CjI^Ij 3 ikl ^»jj Jjj! c_jI jol^J j <aJjuj jjc. <jj£i harmonic 



Frame 

Size 

Maximum 

Continuous 

Amperes 

tin) 

Continuous 
Ampere 
Range 
{lr« % of In} 


200 

40-200 

400 A 

300 

60-300 


400 

80-400 


300 

60-300 

en ri A 

400 

80-400 


500 

100-500 


600 

120-600 


600 

1 20-600 

SOO A 

700 

1 40-700 


500 

160-800 


800 

160-800 

1 200 A 

1 000 

200-1000 


1200 

240-1200 


1200 

240-1200 

1 6 00 A 

1400 

280-1400 


1 600 

320-1 600 


maximum continuous ampere rating ( nominal ampere ) ( In) jIh 



1 Cycle Time in Seconds 



S E 3 : 
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TIME-CURRENT CHARACTERISTIC CURVE 
U-E® 5ENTR0N® 5EN5lTRlP®lll 
CIRCUIT BREAKERS 

EXAMPLE SND691 DOAGNT, l n = 1QQ0 AMPERES 


$ 

If- 

103 

1 *«! T «-» 

fc-Mi fi 3 

‘ *’ 

■-Uv 

Imnu 
fV*** H ip 

i. ;+■ 

V 

*£ j r -i 

iJ 

Vn.t s ,ro 3 u >: 

* 5 . 


SETTINGS: 

1 \ Continuous Amperes 
S«t<t ICO 
2) Long Tima Delay 
Set at \2 seconds 
3T Short Fipw Pickup 
Set at 5 

4f Short lime Delay 


6| Instanfanaous Pickup 
Setting at 10 * I, 

6f Ground Fault Pickup 
l n - TODD 

Sett ng at 20 - 200 A 
Ground fault delay at 


S at at .1 seconds at & x t -1 second a 


ill I2T Slope Portion of Short Time Delay 


un. iDr-ifiBOaO 


O O O DOOOO 


IMM 
g.Go: 
B.om 
; jo: 
BjQQfl 
S.0D3 

4,aoa 

ijm 

IjOOO 

1.M0 

non 

m 

me 

EOC 

bOb 

430 

300 


1L0 

SO 


ai 

,D6 _ 
.05 o 
,04 Q_ 

cp 

03 


.01 

■COS 

.coa 

.007 

.COE 

COE 

.C04 

.003 


Multiples of Circuit Breaker Continuous Current Rating 





Continuous Amps 
lr=%l r 50 60 



100 


Lon-g Time Delay 



Short Time 
PiiCkMp 4 5 



Inii'UjnlancQusi 



Short Tims Delay 
Seta. ■& 



Pc 

.2$ Dalay 

,18 -22 


Ground Fault 


*idaip 
■ l ft -l„ 


Pi 

Delay 
@.5 I* 


»5 7 J 20 30 

m 


55 
4£s 
30 
25 
20 
70 


30 
40 
58 

_ 70 

20 


BE 40 


30 




1- continuous current 

% 100-20 dyj uA)_J_ I N jUj 4-jjaij jA j (J^qj <jl Ali£joJl A LVn jLnll j& 

I r=%In 



2- long time delay 

csA j 2.2-27 second ja j «.UjI ^ I N jLull ejl 6 jlull lie. s _^uii eiijll ja , 

I 2 t Ji> 



MJtiplMflf Cietirt BrHakar CocrtMiuanis Cusrarsf Da.tirg 


Short time pick up 


1.5-10 cs-a j short circuit J' s-u** j I jLvij ^1 jUll <x«S .naj 

off 4^' j times trip current 


Short Time 
Pickup 4 5 



f/ jfcplss of Circuit Breaker Continuous Current Ratrvg 


Short time delay 


udliA (jSlj fixed time us^ j 0.05-0.5 s t> j short time pick up <J1 cjajll ja 

0.18-.45s jAj _>£' ramp I 2 t ja j±\ ? Lki 



Instantaneous pick up 

UiaaJ 0 jjl-lll 1 $j3 fjL i j I R <> 40 J' 2 U£ L* 




Ground fault pickup 


H 


Two-Pole 

NorvFused Switch 



Safety switch 





JL 

T 



short circuit ^ 


+ Direction 


- Direction 



I 2 t cj! J jjall jUJ (Jj1\ shot circuit Jl ^ 4 jjI < alkll 



End Blade 


distribution system Hifi 


a jj ^ 1 





power supply system 


Primary 

kMW 

/W 


240 Volts 

I 


120 Vails 


120 Vails 


N 


star connected <J&_ 


A 



Volts 

Volts 

Volts 

Volts 

Volts 

Volts 


1.732 x j Jlill £jj j jli (j) £& 


delta connected 


A 






panel board grounding u lUc- 


4_ijj££ jl A_ij^)^£JI jj j AjUju .ikjJ (j! AjV j £.Uj££Jl 4 j\x>c. ^A 

j^W neutral J' 



Ground ~ 


c jS^JJ 1§J3 jj c-UaiJl ^ j3 J <]L=^ lg_i3 ^gic-Vl jt-iill J-oJ ^-A ^Uaill ^ jlLd (J*-^ (J^ 

Jj^aall <j-a ^ULJI 


<J j^.»l] <> _gjJajl (J-oC- 

(jlfLa (_^1 ^ (JjjJ J (J ij^ AjI^ ^gjJajVl cJaC. 

Panelboard 
(Service Entrance) 


Fewer Source 



Neutral Bus 


Neutral Bonded to Can 


Grounding Electrode Conductor 


Grounding Electrode 


Panelboard 

Power Source (Service Entrance) 


Panelboard 

(Downstream) 



Load #1 


Load #2 


Power Source 


Panelboard 
(Service Entrance! 


Panelboard 
(Down stream) 



Spikes 

Ajj S j JjJojm ^k c t iu»n dJ jill ^k jl*JI 


Transient Voltage Spikes 


Utility Supply 
206/120 Vblts 
3-Phase, 4 J A f ire 


JjjjJ 


Heating 

Unit 



Feeder 


Lighting 


And 

Receptacles 


Conditioning 

Unit 


switch board ^ jJ 


hiQbi 


m 1=1=1 m 


:| 


11= 

oil 


Dvercun 

Protects 

Device 




Incoming Supply 



IjU. x jdJ j JU^ 


s ljJj j-Lol ^gjJaj^il! J^a J±i ^ jis j spikes eiJjil] ^h^Wl jlc. J! ^ <jLaa> s <iJU& 





* qAj£ 






240°- = -S62.9 (650 X-0.86G) 


^ jl jaJI jjjUII (jjjL (j& dc JW Aj& effective value ( rms) 




In Phase 
Proportional 


A ila-k J A^Ja^JI (jLa^VI 



Gilt O x PhitlRE 
Proportional 


(_]£Lulxi 

voltage fluctuation £ >^*^1 ^ jjii jt£ til jjjj V ; cJjall jljSs>l -1 

voltage sag JSI j' j « <_sAjj J=jja -2 

voltage swell s jUa] (jA^j ; c2ja]l SaUj -3 

long-term under / over voltage » j^a] ^a^j : jl saL jll j .4 

outage/ sustained power interruption <— J' <> : ^-Uaiil .5 


frequency and harmonics 4 h>«J4^j 


Sjl^. 1 jll ^ a^ jA\ AjfLa Ajs aa*JI jA • jjjlill 

J£Laui t. * nun j jjj| j CjV (J tiLdl A^j jji&iWI jj! <■ # jjSjj ; Harmonics 

4 L^a 



hz 180=60*3 = harmonic Jl uj^ 60 hz ^ j ^ Jj' j* j ^jjII 



60 Hertz Power Supply 
Fundamental Frequency 
1 st Harmonic Only 


SO Hertz Power Supply 
With 3rd Harmonic Present 


u£UK uIaII qSj AjJbJI 




>. t i i * .* „ t - 1 1 *: 





S jSUlxi i jn*n j diV jL*c.I cJ^ ^jc- J %20 <jc- VI AjV J j-ajtgil 


% ofTHD = 


RMS of Total Harmonic Distortion Signal 

RMS of Fundamental Frequency x 1UU 


Phasor 



A 


C 



B 


3-Phase Waveform 


Phase R t>l ati on shi p 



harmonic J' frftS Harmonic sequence 



No Rotating Field 


(1st. 4th. 7th. lOth. 


(2nd. 5th. ©th. Iltlx 


dlls ^3 tilij ^3 L_J dc. j SL^jI ^3 LgJV (Jda3l Ad^}i]| did i^a^)l»gJ! 

Ai LlxjJa t$j j3 1 


ddj^jlg-Sl jjjIj 


SJ)£-^.I J d^/L^a j-<Jl fijljj L_UjujJ 

Jj)*s m<a\l SjL}^ j ^3 L t \ Ul '} AJli ^)dl ^3 (j£Lud ^Jl L-llLudll c^Lij ^a^Lg-l! 



Forward Torque 

(Fun da men Lai Frequency) 


\ Reverse Torque 

(Negative Sequence Harmonics} 


<jUa. <jk- a>jj V ja j neutral 


31 (Jj^a j-all 6^)!^)^ d 0 , 




UJ^ 0 <JI 



Standard Transformer 
No Harmonics r resenl 



Transformer with K Factor Rating 

I larrronics Present 


harmonic J' <> ®4>^' ® J ejVja-Ji lU=^ s_s^ ja K factor 


Kl-k5 


kl c> j3Sl olj- 5 lU^Lj K5 




Power & power factor 

ijM J ijM 


djLd jLdl -1 

dia jll ^ JL j ^b jj jLiill j cJ jill 

c^Udll Jlia! Sjl J! 2bjj^Sll aSUJI l*ji JjpCS JL^V! JL^VI Si* J114 



true power s jjdl 


CjI j L^_ia]I j CjI j J CjI # \ ^ K Ajilia CliLajiLdl (jLo^Vi (j^ Aj^^juaa]I 

P=e*I 


inductive loads ejUUI JU^I -2 
j) x *a]l ^ djV .dl ^ ^dl Jb 
Jala CjULJI jj! ^ 90 4- 1 eiJ jill ^jc. j^Ijj jLii 3 l 

jljiaVI JjLlkLd IjJjSj j 
4 _^p 90 Cy* (jc- ^iklj cjLg jli-d j CjUL Lg_i 3 _jj! jdl j 

4 _^p 45 l "<i\a\\ <La jtLdl (_^jLoij jjc> 2 >llLa 

90 degrees 45 degrees 




Purely Irductive C rcuiit 


Circuit with Equal Values of 

Resistance and I reluctance 


capacitive loads JUaI 

j (J-aljLxi CjI ^ (JiLd 


90 uj ^ jilt J^ull 


90 degrees 



Purely Capacitive Circuit 


^5 degrees 



C rcj'l with Equal Values of 
Resistance ana CaDScitance 


reactive JU^VI 

CjliSLa J CjlaLo J CjLg jtLa ^gic. (_£ jlau <^11 



Resistive Inductive Capacitive 

I r 'due Live Li lj h Li ng Mo tors Rowe r Factor C □ rrect' on 

Heating Elements Transforrmers Filtering 

Chokes 


R = j Xl = 2nfL 

R = Resitann© in £l X|_ - Inductive Reactance \£ 1 ] 
L = VolLage rr -j 3,14 

I - Current f = Applied Frequency (Hz) 

L - Inductance (Henrys) 

Inductive Reactance 



Resistance 



Reaciive Power (VAR) 


energy in reactive circuits ^ 


‘ aiall LS lc. ^ ■ ..j Ul ^ (J ^ Aj] jj j i " it «*< itt ^ ~ ■ .-'i (Jaic. i _ » ■ .'1 V AlUnll eAA 

j i t**'l 11 1 l j ^ i .'j lit *i» A (Jl^a o j aa ^—Ic. A_iLft]| i < i\, ,.U ^Liill jj*j Ajc. 

Fr_ jl tjjajll AaC. ^jAaaaaal] A cju AiLiall oAA 



reactive power 4 j*a.j3I 

apparent j ^?-j , reactive true u-° uj^“ ac J' >' j- ^ 

j a ^*13 aj*j j j Reactive = VAR 



Apparent power 

VA j A aja^ \1 e^)Aai] 



power factor Sjja3I J- 9 ^- 9 

4X- *13 ^a£ j *Lal ^U>ll ^aJ *13 ^ 43 Jjul j ^ ^ tg_l£ 4 4jjudj ^A 



Reactive F'ewe r = O VA R 
Angle Theta = 0~ 
Ptower Factor — 1 tUnity) 


Truo Power = O W 
Angle Theta = 30° 
Rower Factor = O 


Reactive Rower = True Rows r 
Ang leTheta = -45“ 

Powe r Factor = .70 





PF = COS 0 = PT/PA 


jjaixA jsLi-4 

(jiSj a jjt >^>11 

\ j fi^la j 4 j’ll^l (JSIj (J-gju £.Lj^)££JI u' 

\ 6^)^ j CjI j 50 (J^-^ 

^^jjuaaII ^nxil Cj l! j 2 ^ 1 i£ 50 (J (jjfL u' 

%70\50 = J^l cJ> jLS 71.43 ^ 0.7 j> % 70 * lU~ ^ U 

c_fl JJOJ LJojI J 



Transformer Load Operating 

Capable of with Puwer Factor 

Handling 50 kVA at Unity 



harisformer Load Ooerating 

Capable of with Rower Factor 

Handling 71.43 kVA at 70 


c-jLua 


VA=W/PF 

^ \\ aJJ JJa (jj^J Ld^jc. 


Leading Power Factor Lagging Power Factor 

Capacitive Inductive 

! True Priwn T fWk 



Unity Powc r Factor 
Reactance - 0 






f j£luu Jjla* 


Problem 

Effect 

Solution 

Sag 

Computer shutdown 
resulting in lost data, 
lamp flicker,, electronic 
clock reset false alam. 

Voltage regulator, power 
line conditioner, proper 
wiring. 

Swell 

Shorten equipment life 
and increase failure due 

to heat. 

Voltage regulator, [rower 
line conditioner. 

Undervoltage 

Computer shutdown 
resulting in lost data, 
lamp flicker, electronic 
clock reset false alam. 

Voltage regulator, [rower 
line conditioner, proper 
wiring. 

Overvoltage 

Life expectency of 
motor and other 
insulation resulting in 
equipment failure or fire 
liazard. Shorten life of 
light bulbs 

Voltage regulator, [rower 
line conditioner. 

Momentary 

Power 

Interruption 

Computer shutdown 
resulting in lost data, 
lamp flicker, electronic 
clock reset false alam, 
motor circuits trip. 

Voltage regulator, [rower 
line conditioner, UPS 
system. 

Noise 

Erractic behavior of 
electronic equipment, 
incorrect data 

communication 
between computer 
equipment and field 
devices. 

Line filters and 
conditioners, proper 
wiring and grounding. 

Transients 

Premature equipment 
failure r computer 
shutdown resulting in 
lost data. 

Surge suppressor, line 
conditioner, isolation 
transformers, prqper 
wiring, grounding. 

Harmonics 

Overheated neutrals, 
wires, correctors r 
transformers, 
equipment. Data 
communication errors. 

Harmonic filters, K- rated 
transformers, proper 
wiring and grounding. 

Power Factor 

Increased equipment 
and power costs 

Power factor correction 
capacitors. 






communications 


j\ (jc- A li*. ^ daLa^la-oil (Jfijl 



communication protocols and standards 

.ia.lj -kk ^ Straight line topology 

^llalLujJ V XlC- Ajlg-ill «^C. Jj (3l*Jl (j-a j *1^.1 j _Ixk ^C- (Jj^ajJ ^^Lall jl^Jl 

^Jaall (j^-a * 1 xj La Ajj^) 



1 = 1 


a — 

1 1 

1 1=1 i 


a □ □ 

. 0S 
| 

1 1 

1 1 

□ 

□ 

□ 

□ 


Turn 

1 1 

□ 

□ 

□ 

□ 



Communications 

Converts^ 


A break in the I'ne prevents 
communicaticifi with the 
last two devices . 


loop topology 


S^_^.VL (jL^aj^l ^jc. ^lc-1 *La.^*Un<a\l C1 l)LI£JI 



II 

B 



J 


Ab^ak n the loop decs 
not prevent communication 
with supervisory and 
field devices. 
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Pin Signal 

1 Received Line Signal Detector (DCD) 

2 Received DaL* iRxd) 

Transmitted Data flxd) 

4 Data Terminal Ready »!DTR I 

Signal Ground 

£ Data Set Ready (DSR) 

7 Request to Send \RTS) 

8 Clear to Send (CTS) 

9 Ring Indicator (Rl) 

Shrill Frame Ground 

Pin Signal 

1 Frame Ground 

2 T r ansrri;ted Data (Txd! 

3 Received Data (Rxo) 

4 Reauest tD Send (RTS) 

b Clear to Send (CTS) 

£ Data Set Ready (OSRj 

7 Signal Ground 

Receivon I no Signal Detector (DCD) 

20 Data Terrain al Ready (DTR) 

22 Ring Indicator (Rl) 

Shell Frame Ground 


Driver Receiver 



Signal Ground 
Commor Re'.urn 


Ajgrlu/ati clitLnln]) J^uaij j 50 4itu4-a RS485 


o o o o 




O O <9 


Sl^ii&ld A-ttsKshend atThis End Only 


— ra rn RTU or Other Device 


To Next Dev ce 


Driver 

cS 


Receiver 


S ivj n a I Wi re a 


t> 


Circuit C round' 



Output IO i ffe re r>T.isi I Da Lea 

i i_n_ru u 





general motion control ^ ^j!\ 

C' )\ ]f\\ x>\l j 4 qVi's a djlc.^)judj j {jA t$-i3 i *‘ )\ qjjlVill ^jc. ^KVi l_a jjui (Jj^aall I^A 

<La^ CjU Ja*J 4iAill t > ^jJ| 


axis 

j 4 ^Jl 4 j^)jI^]| 4^^)^. (Jail 4 j *il ^ Vnu'i 

^ x -^>* j (j-G j ( ^iil j-all ) £y* uj^J CjLij£La]| jia * j cilliA 

multiple axis control 


<= => 


FFF=m 

Slnglfr^ra 



AijaJl f*\nU Jliu 



plC ^ jSj3 (JjAjuoaJI ^Lal £cHxJ! <Jj^J C5^ 4_llc. jjjUJl ^ 
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MC Drives 


CjIL£L& 2| CjlLuiaj 

-all c_al j (J-oC- j ^Ja3 (J-axj ^»jSj d ^ lj£l ^ 

CNC jSj^UUaSj /j* dUaJl ^3 ^Vj'l 1 ^j 3 Cjd^j djlli£UJl ^Vu*n j 



linear & rotational axis l** ^>*' J j 





Simens simovert 
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^^xll (jC- ^)j£l lJ| jjoj 111 AjIAj XlC. C > U uLLq j *ll^, ^»^C- ^Ac. (J ju-au^Al L_J i^Da^ll (j^lj 


accelerating torque <& j^ll ^ >- 


Formula for SI Unit 
(kgm*) 


Formula tor English Unit 
(lb ft*) 
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3084t 




An ^3-^* 

At ^c- jjuoli j^*ii ^k <cAkl ^ill ihk jll 

(RMS TORQUE ) Jj*l 1 

JaaJ Cj3j ^gS (j j5L <£. Jjudll ojlj j ^ jc* 
jt-Lall ^)jjLa1I j)\ ^ 3 *-^ &3ij^ ^ x>jq\l 4i^)*^a] di3 ^11 j s-UjI ^ 3 *-^ c . d ui^s ^lc- 
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1 <La jliLa j ^I^a2u2/U j 

2 ^) Q 1 «all 3 ^11 t i jjk ^11 ^ 

^ Tt 

(.-i uiUa II drive J' j j*II j ^3*^ simosize jj j 


servomotor construction jj^UIt £ #jSZ 





j stator Jl ^ ^ j induction & synchronous cjlSjaJl ^ ^jSI jU^Luj 

rotor J' ^ 

\^Ac. ( lS C5 JoulaU*^JI j stator J' 



RPM synchronous J' >*11 


Ns = 


120F 


rotor 


<3-a c^IUa j jjUI ^ >ujJol i» a \\ JL^aII <c. jjuj ^uij <c . jjuj <jV >*1 jla synchronous 

S^)-lx x^all j-dl J sj jJt *W j^)ll ^A^)£juiI j I^A ^Ic. (J A 


L-llaall ^)J.x.tal £3.11} <- > <t->A (J£ jla L-jUaSl A_1 (jjddJallsL-a <jc- o^Uc. ^)jJj^)]| _J ^jauJaLl*^ (jL^-a ll jj ijc. 

^ juillallx^dl (JL^-aII ^jjo£Ijla1I 



dc J' c> ac J' 

^IjJ jjJjjll ^ J^JJ jlij I^jJ V 






jjjLall (jj£j (A^ J RPM AjIc. e3 j a. jaII 4j.li.laJI AjiiUI ( _ 5 lc. 4 jjj£^ (jj£j jjjLall ' jjIslaII 4c.jj-JI 

aJ L $ J A_1 ^ j-ftAjj-ail dli^iil ^3 

'X* 

RATED TOURQUE : 10.3 NM 
CRATED SPEED :3000 RPM 
cJji ^RATED VOLTAGE :460 VAC 

?. 3*^ Uik; jjjUII JIjj V j 4160 RPM : MAX SPEED ^ j ^ 

^j£j J (Jsl 4x.^)jaj (_£ I AiO ^3*^^ £-3aC.| JjjLall ^j£.aj DRIVE (3 Ale- # C_J i^Da^l 

jl UJ^3 f 3*^ UJ^ ^ LSj^ 3 ^ c> C5^' 

CURRENT jjjgt 

( Stall current) 3^ i .^»u 

( jEj ) 10 m »>^ 1 jtiill j jjjUJI l 31LV ^^kiLaij Jajjll ^ j& ; (Stall) ^3^ 

6^)1 <L^p SjIj3 l£>1a j AjL^p j 33 *-^ 


1BO° = 
160 ° — 

140 ° 

120“ = 
1QO" — 
BO° — 

ecr — 

40 " — 
20 ° — 


>10 K 

ao ft 


lacr — 
ieo*— . 
140 " = 
120" = 
iocr — 
ao° — 
eo" — 

40 " — 
20 " — 


>1Q K 

105 K 


1BO" = 

160° 

140° = 
120- = 
1QQ- — 

BO° 

60* 

40- 

20 - 


>15 K 

125 K 



Class B Class F 

80 K Riw 105 K Rise 

10 K Hot Spot lO K Hot Spot 

130" C MST 155" C MST 


Class H 
125 K Rise 
15 K Hot Spot 
ISO" C MST 


MST — Maximum Stoady^St^teT^mparmturo ri - C “for -the hottest spot in the winding 




duty cycle lU*1' » jj- 


1 9 J ^aJJ ^jJa jJ j <£U^)Ja 

51 Continuous Running Duty 

52 Short-Time Duty 

53 Intermittent Periodic Duty Without Starting 

54 Intermittent Periodic Duty With Starting 

55 Intermittent Periodic Duty with Starting and 
Electric Braking 

56 Continuous Operation Periodic Duty 

57 Continuous Operation Periodic Duty with Starting 
and Electric Braking 

58 Continuous Operation Periodic Duty with Related 
Load/Speed Changes 

59 Continuous Operation Duty with Non-Periodic Load 
and Speed Variations 


S1,S3,S6 ^ 


si 

6^1 jJaII j j dlS j (J dijlj 4_}3 (jjfLi jaII 

Load 


Time 

S3_ 

AjjIj dj| bjjJ 

4i C jI ^3 ^2 <2jIj CjI ^3 Jasu 

ojl jail 4-a.J.i (^Ift Jjjj V jljj 

j %20 j %15 <_) J c£i]j ^)JC. ( 3 ^^^ 10 4 j 9 ( 3 **^ j 

% 30 j %25 

%60 s-flii j %40 %40 

Load 


Time 
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^ j AjLa. A-llc. lU^ ^jjI-aII u' (_£^1 u^ J 3^)^ 


Load 
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S min 
(No Load) 



1 _ 



Time 


servo synchronous J| jshL^I ^ ^JxSI j oaiUal 

^)jjLa]| <." \\ k\xs L_al Aij^)Ja ^Ic. A£-^)jui]| J ^3*-^ (J^ajlj^a^. AxUsU j Alljjj A^J^la 1 v>ijl j 4 J L_fl^)JU ^)jjLa]| 

Ac«^)jui]| (j C. ^)JJU L_fl j^aJl j Ail a Ljajl (J djl^)j^ j 4 q Vi'S a djlc-^)jua] C. <ilj ^jl ^j£.ax> ^)jj 1 _a! ^UaII ^jui^) 1I 


Ai 4 -C.^)jui ^jc- j 4 m x> ^3*-^ 

jjjUJI l*] c_s ^aLall Cljlc.jjudll j sl, S3 3 j^j l_a jjoj ^jsJI 



4Nm 
2.96 lb ft 


3Nm 
2.2 lb -ft 


2 Nm 
1.47 lb ft 


1 Nm J 
0.737 lb ft 


Max. Medianical Torque 



Winding 

Vbrslon 

Rated 

Speed 

B 

1500 

C 

2DQO 

F 

3000 

H 

4500 

K 

6000 


S3 {100 K] 26% - 10 Min 
S3 (100 K) 40% -10 Min 

S3 (100 10 60% - 10 Min 


VolLayo Limiting 

Characteristics 

> 

0 1000 2000 3000 4000 5000 6000 7000 Speed (RPMf 



jLut*o]l jjjLall (J Ajc. Sf A Lit *jjj .lie. Rf NM 4jl«^l ^3^ J (3000 RPM) ^ (F) 

. STATOR dilSi^VI ^ 0.9 NM JSI 3000 

limit T is mAxj ^ 3000 Aic- Llla^J 4-ilaau <j! ^»3*-^ 

^ CURVE J (SI) 

^5 *- ^ ° ^ 3 *-^ 3^ s^3 , ^ c ' 










I gii'ii ^jj j <d <Lajj]l jl BRAKE 

c> <UL^£ a \ ^Uakjl Ale. j ^»j£j tg-J ( *— jIa^I Ale. 

Vi\\ ^^jjj j^T) Ae.^jjudll (Jflj SA^, j ^ \ x>»jl ^A^Ajujj 

GEAR REDUCER 



Gear Reducer 
30:1 

86% Efficiency 



Output Tcrque - I nput Torque x Reflost Efflcency 
Output Torque = 4.06Q x 30 x .85 
Output Torque - 103.73 Nm 

Output Speed = Input Speed / Ratio 
Output Speed -1760/ 30 
Output Speed = 58.3 RPM 


encoders & resolver 



J J <3Lu1a]| L_jLud^ 

ENCODER Jl 
(INCREMENTAL) 3il 
SINE JLujjU J jjJa 4_-aLa! j -La A-llc. U^" ^ J 


i l f* Caiuvir 





closed loop control 


Drive 



Feed bade Poises from Encoder 



^jc. iii]j ^jj j jjjLaII (J^aj 4x.^)juj]I j <jl£^il LgjE L-J^lXxa 

A^l jll s jUiVI J AjjlkJI ^uall 4J jULu fSaidl f , jL J (FEED BACK) (ENCODER) 

4iEil A£-^lu 1I jl d&A\ 
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(J£j A AwojS 

(jc. 4 qVi^x> 4_xu3 (jl^-<» (J£ ^Jaxj] ^ja (. <aVl Vi S^)£jui 4_ lie- £ jjJa (jLaJ^)U (JjjLui^JI 


1^j!c> ^l£il! (3fjuj j cJ jill ^ PWM ^-vill cj^A 3 j ^jjaulU 


Convertor Invertor 



C3f- SIEMENS -? UJI MASTER DRIVES J' l^l 



4 _i^. ji dji jaxuJi 


jgJjJa Ljajl j CliljlIjLoVl 


j 4_il ^) jL^a! 1 aj)^ ^ a *1^.jJ 

A-IaI^IaII CllLiLaxJl LJojI j 




dAj^xJI (JliLd A_il ^lall (2 


6^)j|^l a-LJa-Lali ; (JliLdl 


360/0 


v(mnVs) 
2000-1 
1000 - 
190 - 

o- 

- 1600 - 


Slow to Drill Through 
Hard Tap Layer 




lajj. <a (JaxJ (JliLa 



Fast to Drill Through 
Soft Middle Layer 



Slew to Drill Through 
Hard Bottom Layer 





^3 DRIVES Jl slial jal. 







Offset Printing 


Offset printing traditionally uses a mechanical line shaft to 
synchronize the different color print stations. The mechanical 
devices involved require high rna interlace, and the system is 
limited in speed. 

The mechanical line shaft system can be replaced with 
individual servomotors which are precisely synchronized 
through the MASTERDRIVE MC and SIMOLINK. 
Communication to higher level controls, such as a SIMATIC S7 
PLC, for evaluation of system status and drive setpoint signals, 
is accomplished with PROFIBUS-DR 



Application 

Requirement 

Web Handling with Synchronization 

MASTERDRIVE MC 

Feature 

Synchronization: Virtual Master, Real Master, 

Gear Box (Electronic Line Shaft) 

MASTERDRIVE MC 

Solution/Benefit 

Increased Accuracy and Production Print Speed, 
Flexibility to Add and Remove Print Stations 
with Minimum Downtime, 



Bottle Filling 


Some bottle filling applications, such as cosmetics, require the 
distance between the filling pipe and the liquid level in the 
bottle to be kept constant. In addition, the filling pump must 
maintain a constant flow. These two axes can be precisely 
synchronized with the MASTERDRIVE MC. 

In this application, the pump drive acts as the master and the 
filling gantry acts as the slave. As the pump provides a constant 
flow of product, the filling gantry movement is synchronized, 
through a cam profile that corresponds to the bottle contour. 
This maintains a constant filling pipe to liquid distance. 



Application 

Requirement 

2- Axis Synchronized Control 

MASTERDRIVE MC 

Feature 

Synchronization with Cam Profiling 

MASTERDRIVE MC 
Solution/Benefit 

Quick Cam Profile Change to Accommodate 
Bottle Contour Change. Increased Production for 
Multi -Product Line Runs. 







Horizontal Bagging This application involves a continuous roll of foil for horizontal 

bagging. The sealing station handles the foil transport. 

Electronic line shaft and print mark registration ensure the foil is 
synchronized with the products being packaged. Electronic line 
shafting also ensures the product feeder belt and the foil are in 
continuous position synchronization. Print mark registration will 
accelerate or decelerate the foil to make up for possible stretch. 
This ensures that printed labels on the foil will be correctly 
positioned on the package. 

The transverse sealing station must travel with the line in order 
to achieve continuous packaging. This is accomplished with the 
MASTERDRIVE MC's electronic line shaft and electronic cam 
functions. The sealing station is accelerted with the electronic 
line shaft function to the speed of the product (x-axis). The 
electronic cam function closes the sealing jaws (y-axis) while 
the sealer moves across and simultaneously seals the package. 




Conti nous Positioning and Synchronization. 

C o nti nuous P ackag i ng 


Print Mark Registration 

Synchronization: Electronic Line Shaft Control 
Including Cam Profile 


Conti nous Adjustment to Compensate for Foil 
Stretch. Multi-Axis Coordination for Sealing and 
Bagging Sections. 



Composite Drilling 


Positioning the x- and y-axis to locate the drilling tool can be 
accomplished with the manual data input (MDI) mode. Once the 
drilling tool has reached the desired location., the automatic 
function takes over and controls the movement of the z-axis. 

The following instruction set is an example of a drilling profile. 



Moving from A to B the drilling gantry rapidly traverses to 
just in front of the board and starts to reduce the feed 
velocity. 

At point B the drill reaches the reduced feed velocity to 
drill through a plastic laminate. 

Moving from B to C the drill slows to drill through the 
laminate. 

Moving from C to D the drill increases to normal velocity to 
drill through core. 

Moving from D to E the drill reduces velocity to drill 
through bottom laminate. 

Moving from E to F the drill returns with increased velocity. 



Application Requirement 

3- Axis Positi oning (C om pos ite DriIJi ng) , 

MASTERDRIVE MC 

Feature 

MDI Point-to-Point Positioning. Automatic Mode 
Positioning. 

MASTERDRIVE MC 
Solution/Benefit 

High Accuracy Drill Bit Placement and Optimized 
Drilling Speed to Improve Quality of Cut and Tool 
Life. 




Cut to Length 
Rotary Knife/Sheater 


In Cut to Length applications, the purpose is to cut material to a 
precise length. Fora fixed cut length, and a knife circumference 
of the same length., it is simply a matter of maintaining a 
constant speed between the web and the knife. However for 
products that reguire various cut lengths, the knife's 
circumference would have to vary to match these new cut 
lengths. Since this would not be practical, the knife speed is 
often profiled. By varying the knife speed various cut lengths 
can be obtained. Furthermore, the rotary knife is accelerated so 
that as the cutting edge comes into contact with the material it 
is traveling at the same velocity. This is done to avoid "ripping" 
the material. 

To accomplish this task a Cam profile is often employed. 

Using the technology features of the MASTERDRIVES MC, a 
number of cam profiles can be created to perform the needed 
contoured movement that is synchronized with the material to 
perform the cut. 



A SI 

Variable Speed and Product Cut Lengths. 


5y rich roniz at ion wi th C am Profiling 


Short Current Rise Time allows for High 

Dynamic Response. Multiple Cam Profiles 

Allow for Quick Changeover to Various Product 
Lengths, 



Pick and Place 


Pick and Place applications involve the precise movement of 
product from one location to another. Using the Point-to-Point 
positioning features (MDI mode) of the MASTERDRIVES MC, 
this precise movement can be realized. Typically the gripper 
claw is "homed" to the starting location during initialization of 
the system. From that point, as product is sensed, the gripper 
closes on it and the Point-to-Point move is made. Once the final 
destination point is reached the gripper releases the product 
and the return move to home position is carried out. SI MO LINK 
is the perfect choice to coordinate these actions. It allows for 
easily sending all of the appropriate status and control signals 
from one axis drive to the next. 




Pick and Place Positioning 


MDI Point-to- Point Positioning 


High Accuracy Organization and Location of 
Product Packaging 
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